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ABSTRACT 
 
Though the record is clear that small farmers throughout Sub-Saharan Africa use mineral 
fertilizer at rates that are detrimentally low, an explanation circulating in these farming communities 
has not been verified. Producers in the region have voiced suspicion that fertilizer available to them 
in local shops, often acquired in small quantities from open bags rather than from bulk packages 
sealed by the manufacturer, has been diluted or adulterated; but their concerns are founded in 
hearsay rather than backed by reliable evidence. In this paper, we collect and test the quality of more 
than 800 mineral fertilizer samples acquired from 160 Tanzanian farmers and 225 agricultural input 
shops. Results from fertilizer nutrient content tests of these samples are combined with farmer and 
input dealer survey data. We find that mineral fertilizer is, on average, missing about 10% of 
advertised nitrogen. In addition, we find that more than 25% of purchased fertilizer exhibit 
observable quality problems such as caking, clumping, and powdering.  
Our results suggest the presence of an important quality inference problem in the market as 
we find that these observable mineral fertilizer quality characteristics misrepresent actual unobserved 
quality; in particular, observable physical quality characteristics do not predict missing nitrogen. 
Nevertheless, we find that farmers rely on observable characteristics to assess unobservable quality 
and that they are unwilling to purchase substandard-looking (but agronomically acceptable) mineral 
fertilizer unless it is sold well below the prevailing market price. Given the prevalence of suspicious-
looking mineral fertilizer in the market, our results suggest that (1) quality degradation from poor 
supply chain management is likely at least as important as adulteration in these markets and (2) 
because of problems of incomplete information about quality, small-scale farmers may be 
purchasing and utilizing fertilizer at lower rates than optimal production requires.   
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1. INTRODUCTION 
Compared with regions of the world where agricultural productivity has increased rapidly 
and significantly since the Green Revolution, crop yields in most of Sub-Saharan Africa have 
remained largely stagnant over the past 50 years. A conventional explanation for this stalled 
productivity is the widespread failure to adopt modern agricultural inputs, including mineral fertilizer 
(Sanchez 2002). In Tanzania, the use of mineral fertilizer is low; on average, farmers apply fewer 
than nine kilograms of mineral fertilizer per hectare, and application rates among small farmers are 
even lower (Tanzania Fertilizer Assessment 2012). Anecdotal evidence suggests that farmers believe 
the mineral fertilizer available in local input shops is substandard in quality, and regional news 
reports have told dramatic stories of criminal adulteration (Kitabu 2013, Lugongo 2014). However, 
hard evidence to confirm the problem has been lacking. Researchers have neither studied how 
farmers assess the quality of fertilizer available to them in the local market nor how such 
assessments affect their purchasing decisions. 
In particular, no research has addressed the key fact that mineral fertilizer can be 
considered an experience good, where actual quality is observable by most customers only after 
purchase and use. Especially in locations where regulation and enforcement of product standards 
is weak or nonexistent, farmers are largely on their own with regard to quality inference, facing a 
lack of information about product quality at the time of purchase. In locations with capital-
constrained mineral fertilizer supply chains, degradation of observable quality is likely to be a 
fundamental and recurring challenge, due to limited resources to support investment, 
transportation, and storage.  
This paper tests whether the anecdotal evidence on poor nutrient quality is veritable and 
estimates how prevailing assumptions about poor fertilizer quality affect farmer purchasing 
behavior. We evaluate the nutrient quality of 823 samples of mineral fertilizer; three-quarters of 
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the samples purchased in 225 input shops located in the Morogoro region of Tanzania and one-
quarter acquired directly from farmers. We use survey data collected from these farmers and input 
dealers to study the relationship between observed and measured quality parameters and to study 
how quality perceptions and information about unobservable quality affect farmer willingness to 
pay for mineral fertilizer.  
Our research contributes to the literature seeking to explain low fertilizer use rates in Sub-
Saharan Africa. Researchers have explored the effects of credit constraints (Croppenstedt et al. 
2003), farmer behavioral issues (Duflo et al. 2011), and input and output market uncertainty 
(Binswanger and Sillers 1983). Nonetheless, the existing research assumes adequate and consistent 
mineral fertilizer quality. One exception is Bold et al. (2017), who test the nutrient content of 
mineral fertilizer as well as the germination rates of hybrid maize seed for sale in Ugandan input 
shops and find large nutrient deviations and low germination rates. No research thus far, however, 
has distinguished between observed and unobserved quality characteristics; instead, quality is 
exclusively described and measured in terms of underlying nutrient content.  
A second limitation of the existing literature is that little research as yet has examined how 
farmers assess quality and how these quality assessments affect purchasing decisions. Bold et al. 
(2017) link input quality problems to farmers’ subjective assessments of fertilizer and seed 
performance and argue that farmers’ expectations of input quality may adversely affect their 
purchasing decisions. Similarly, Ashour et al. (2015) survey 2400 Ugandan farmers and find that 
nearly 20% believe that the quality of mineral fertilizer is lowered due to adulteration or 
counterfeiting; notably, 70% reported they did not buy fertilizer in the last two agricultural seasons 
due to quality concerns.  
Finally, the existing literature has not considered whether quality problems might depend on 
transaction scale or storage and purchase timing, which ignores the variation in the ways that mineral 
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fertilizer is acquired by farmers and the way that this might be associated with variable quality 
outcomes. For example, many farmers, especially poor farmers, in Sub-Saharan Africa purchase 
mineral fertilizer in small quantities in open bags from input shops. Are quality problems more 
prevalent in these small transactions?  
Our research makes three primary contributions to the literature on small farmers and 
mineral fertilizer demand. First, we document missing nutrients in mineral fertilizer sold in input 
shops. We establish that observable quality problems such as caking and clumping are at least as 
prevalent as unobserved nutrient deviations, and that observed mineral fertilizer quality 
characteristics are a poor signal of agronomically-important nutrient content quality. We find that 
mineral fertilizer in these markets does show nutrient deficiencies: on average, about 10% or 2.3 
kilograms of nitrogen are missing from a 50-kilogram bag of Urea. Moreover, almost 25% of the 
samples exhibited some degradation in physical quality characteristics. Yet, the underlying problem 
for farmers is that the observable physical quality characteristics cannot be used to infer which 
fertilizers are nutrient deficient. This poor mapping between observed and unobserved quality 
characteristics in mineral fertilizer and farmer reliance on physical characteristics to infer quality 
could have widespread effects on the functioning and growth prospects of mineral fertilizer markets 
— especially in regions where supply chains are short on resources for adequate storage, training, 
and transport so essential to preserving quality. This paper is the first to assess both measured 
nutrient quality (using laboratory testing) and observed quality characteristics of mineral fertilizer 
samples, and also the first to test for relationships between these two important quality dimensions. 
Our results suggest that visual quality degradation from poor supply chain management may be at 
least as important as adulteration in these markets. 
Second, using farmer survey data and willingness to pay (WTP) assessments, we establish 
that farmers rely on observable characteristics to assess quality, and that their willingness to pay 
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for substandard-looking (but agronomically acceptable) mineral fertilizer is well below the 
prevailing market price. We establish that farmers increase their willingness to pay for “bad-
looking” mineral fertilizer in response to information that the fertilizer contains the correct 
nitrogen content. Even in the presence of such information, however, farmers continue to report 
lower WTP for clumped and otherwise visually unappealing samples than they do for “good-
looking” Urea fertilizer. Given the prevalence of suspicious-looking mineral fertilizer in the 
market, our results suggest that farmers may be purchasing less fertilizer than optimal due to 
problems of quality inference. 
Finally, our results suggest that a special inferential problem may exist for poor, resource-
limited farmers. These problems, with regard to inferring low quality from visual inspection, are 
conspicuous and consequential among small-scale farmers who purchase mineral fertilizer in small 
quantities – as little as one kilogram at a time – from open 50-kilogram bags in local input shops. We 
find that sales from these open bags are especially vulnerable to hard caking and clumps, problems 
that these small-scale purchasers may over-interpret as nutrient quality issues. Perceived input quality 
could be a function of purchase quantity so that expected returns to investing in fertilizer could be 
directly (and inversely) related to farmer scale, liquidity, and wealth. 
Overall, our research suggests that such problems in the supply chain could have serious 
impacts on farmer demand. We see strong evidence that these low mineral fertilizer use rates 
result from a market characterized by incomplete information about unobservable product quality. 
The argument is related to Akerlof’s classic study of adverse selection in markets with asymmetric 
information (1970) but with an important difference.  In Akerlof, the market for high quality 
goods ultimately disappears because the WTP is below the seller’s willingness to accept (WTA), 
but there is no heterogeneity in product quality within Akerlof’s model. In our case, we find 
evidence that the average WTP is below the price (WTA). Constrained supply chains distribute 
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fertilizer that is, for the most part, agronomically adequate, but which farmers assume to be of 
poor quality due to their frequent encounters with mineral fertilizer that looks flawed. If farmers 
are unwilling to pay the prevailing market price for poor-looking fertilizer of adequate nutrient 
quality, suppliers may remain unwilling to make investments in supply chain storage, transport, 
and logistics that preserve and improve physical appearance, and problems with regard to 
purchase and utilization are likely to continue.  Moreover, further complications could arise if such 
problems in observed quality characteristics transmit to the nutrient quality dimension. This could 
happen if, for example, continuing buyer reluctance in a given market leads to a disappearance of 
higher-quality fertilizer from the inventories of agro-dealers and importers, who opt instead to 
supply lower-quality inputs.  Such problems could further complicate efforts to increase adoption 
of fertilizer as a means of raising regional agricultural productivity and improving household and 
national food security. 
The paper is organized as follows. Section 2 discusses how and why mineral fertilizer can 
physically degrade. Section 3 describes the data and methods. Section 4 presents results and the final 
section concludes with discussion.  
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2. BACKGROUND ON MINERAL FERTILIZER QUALITY 
Mineral fertilizer grade refers to the guaranteed content of nutrients. The nutrient content 
is expressed as a percentage of the fertilizer weight. For example, Urea is 46% nitrogen and is 
referred to as a straight fertilizer because it only contains one nutrient, whereas DAP contains two 
nutrients and is 18% nitrogen and 46% phosphate. International standards specify maximum 
moisture content by weight, nutrient content by weight, particle size, and packing guidelines.   
Fertilizers can be short of their guaranteed nutrient content for numerous reasons 
including adulteration, poor storage and handling, or production problems. Of these, adulteration 
perhaps receives the most attention from policy makers, farmers, researchers, and the press. 
Reports of adulteration are common in Tanzania’s popular press and circulate among farmers; the 
majority of such reports describe coordinated and criminal activities. For example, in 2013, a 
major Tanzanian newspaper reported that the Tanzania Fertilizer Regulatory Authority (TFRA) 
discovered adulterated fertilizer in six regions of Tanzania (Iringa, Mbeya, Morogoro, Njombe, 
Rukwa, and Ruvuma) (Kitabu 2013). In 2014, additional Tanzanian media reports documented the 
seizure and destruction of counterfeit fertilizer found in the marketplace (Lugongo 2014). News 
stories and anecdotes suggest mineral fertilizers are often adulterated with material that matches 
the color and texture of the product. For example, Urea, which is white in color, can be mixed 
with table salt, and DAP, a dull gray, can be mixed with concrete.  
 Considerably less documented or discussed in the popular press or in the academic 
literature is the problem of fertilizer that is of lower quality in terms of nutrient content as a result 
of poor storage, logistics, or production. Benson et al. (2012) documents the structural 
challenges—namely via importation and distribution—that Tanzania faces in circumventing 
mineral fertilizer product degradation. The primary issues include the delay in off-loading mineral 
fertilizer from cargo ships as well as inefficient and inadequate packaging capacities. For example, 
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standard unloading and handling capacity at other ports is typically 10,000 metric tons of fertilizer 
per day, yet in Tanzania, the 2007 average was 1,560 metric tons per day (Benson et al. 2012). As a 
result of insufficient off-loading capabilities, delays are frequent and the mineral fertilizer is 
subjected to unwarranted exposure to heat, humidity, and sand.  
In addition, poor storage, logistics, and production can impact a second mineral fertilizer 
quality dimension that has received less attention: the observable physical characteristics.  We focus 
on four critical observable quality parameters: clumps from caking, discoloration, the presence of 
foreign material in the fertilizer (dirt, grass, maize grains), and powdering or dusty prills.  
First, mineral fertilizer clumping occurs when the fertilizer is exposed to water or high 
humidity — during initial packaging and handling of manufacturer bags as well as subsequent 
transportation and storage (Sanabria et al. 2013). Several factors increase the likelihood of caking, 
particularly the moisture content of the fertilizer after manufacturing and whether the fertilizer is 
conditioned with an anti-caking agent.1 Storage conditions are important as caking is especially 
sensitive to temperature and humidity, pressure in piles and stacks, and storage time (Rutland & 
Polo 2015).  
Second, mineral fertilizer can become discolored when the fertilizer is exposed to moisture 
or high humidity. In the case of DAP and CAN, this exposure discernably darkens the color of the 
mineral fertilizer and can produce an oily film that can secrete through the packaging, leaving an oily 
residue on the outside of the bag.  
Third, mineral fertilizer can include foreign material such as dirt, sand, insects, or grains of 
maize. While deliberate adulteration can be one source of the presence of foreign material, more 
incidental cases result from the way that mineral fertilizer is imported and prepared for wholesalers 
                                                
1 For example, mineral fertilizer from Yara International is treated with an anti-caking agent in Yara International’s 
facility in Dar es Salaam. In our samples, if we regress the number of clumps on Yara samples by fertilizer type, we find 
that Yara samples are significantly less likely to have clumps. 
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and retailers in Tanzania. Nearly all mineral fertilizer in Tanzania is imported to Dar es Salaam. 
Upon arrival at the port, the mineral fertilizer is removed from the shipping containers (where it was 
transported unbagged and in bulk) and bagged in 25- and 50-kilogram manufacturer bags.2 While at 
port, the fertilizer is often exposed to humidity and high temperatures, as well as sand, dust, and dirt. 
Mineral fertilizer sold by agro-dealers from opened bags or sold in informally repackaged parcels is 
also vulnerable to the inclusion of foreign material. Foreign material decreases the per weight 
nitrogen content of the fertilizer; the quality dilution can be incidental (in the case of fertilizer which 
includes a handful of maize kernels or insects) or more harmful if the fertilizer has been deliberately 
and significantly adulterated.  
Finally, mineral fertilizer powdering is a result of the breaking of the small aggregate prills 
into smaller, powdery fragments due to poor handling and storage. Fertilizer that contains powdered 
or dusty particles can be difficult to apply and hazardous to work with. Storage and transport of 
mineral fertilizer with broken and powdered prills can cause farmers problems as the dust is 
susceptible to trickling out of the manufacturer bag (Rutland & Polo 2015) and the powder is highly 
hydroscopic and likely to quickly absorb water in humid conditions. 
While observable quality characteristics are discussed in agro-dealer technical training 
manuals (Rutland & Polo 2015) and fertilizer standards and analysis manuals (Sanabria et al. 2013, 
Yara 2012),3 scant literature considers the relationship between observed and underlying quality 
(specifically, nutrient content). One explanation for the lack of literature may be the fact that few 
quality problems exist today in industrial countries related to mineral fertilizer manufacturing, 
transport, and storage; however, it is surprising that few papers have considered these issues in 
                                                
2 The international fertilizer company Yara briefly bagged and sold mineral fertilizer in smaller one- and two-kilogram 
bags in Tanzania but discontinued these product lines in 2015.  
3 IFDC agro-dealer training manuals mention the importance of a range of physical characteristics and guidelines for 
storage and transport to preserve quality. For example, on caking: “Caking can cause many handling and application 
problems and is considered by most fertilizer producers to be the single biggest physical quality problem in fertilizers.” 
(Rutland & Polo 2015, p. 7) 
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developing countries. Technical manuals on fertilizer standards imply a relationship between 
observed quality and nutrient content in more severe cases, but it is not clear what relationship there 
is between moderate or more minor cases of caking and clumping, for example, and nutrient content 
(Rutland & Polo 2015). Our analysis provides evidence on the latter point.  
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3. DATA & METHODS 
3.1 Data Collection Strategy 
This paper uses data from two related undertakings. First, we use data on the nutrient 
content of 636 samples of Urea, DAP, and CAN mineral fertilizer purchased by enumerators from 
225 input dealers throughout the Morogoro Region. Samples were purchased before the start of the 
primary agricultural season in November and December 2015 and during planting and cultivation in 
March and April 2016. These samples were tested for nutrient content in labs in Kenya and the 
United States.4 Photographs were taken of all samples and were visually coded by three independent 
coders on observable quality characteristics: caking and clumping, discoloration, presence of foreign 
material, and whether the sample included powdered granules. The coders also identified the 
number of clumps in each sample. Further details on the collection of the samples and associated 
input dealer survey can be found in Fairbairn et al. (2016) and Appendix A. 
We worked with the International Institute of Tropical Agriculture (IITA)'s Africa RISING 
initiative to conduct a survey and willingness to pay exercise with farmers in the region, and we 
collected mineral fertilizer samples from participant farmers.5 Details on the sample and participant 
protocols are available in the appendix.  
Surveys were completed during mid-April to the beginning of May 2016, during the primary 
agricultural growing season. In total, we surveyed 164 maize and rice farmers in 12 villages in the 
                                                
4 A random set of 59 samples were selected and sent to Thorton Laboratories in the U.S. for duplicate testing to validate 
the nitrogen content values. The correlation coefficient between the nitrogen content of samples tested at ICRAF in 
Kenya and Thorton is 0.97. 
5 We worked with IITA's Africa RISING initiative to identify farmers with experience purchasing and using mineral 
fertilizer. Africa RISING's institutional objective is to achieve sustainable intensification. In Tanzania, Africa RISING is 
working with USAID's NAFAKA, a rice and maize value chain project, in two districts in Morogoro region: Mvomero 
and Ifakara. In order to obtain fertilizer samples that were representative of the quality of the fertilizer at the time of 
planting or cultivating, we selected Mvomero district as the research site. Mvomero is an area that remains more 
accessible during the rainy season, which enabled us to obtain samples after planting but during the production and 
cultivation periods of the growing season. Farmers were purposively selected to have had prior experience purchasing 
and applying mineral fertilizer to their crops.  
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Mvomero district. Villages were selected based on a list of 15 extension staff and corresponding 
villages for the Africa RISING project. The survey collected data on farmer demographics, crops 
grown, previous experience purchasing and applying mineral fertilizer, and perceptions of fertilizer 
quality in markets. Farmers provided a small (less than 0.25 kg) sample to the research team of 
mineral fertilizer from their home and answered questions about the source and use of that fertilizer. 
In addition to survey modules, participants were asked to complete a mineral fertilizer willingness to 
pay exercise. 
3.2 Willingness to Pay Exercise  
We used a willingness to pay assessment to study how farmers use observable characteristics 
of mineral fertilizer to assess quality. In the assessment, we showed farmers three samples of 
fertilizer that the survey team had purchased from agro-dealers in the Morogoro region and which 
had been lab-tested for nutrient content.6 All samples were of a nutrient content that met FAO and 
Tanzanian government fertilizer standards and can therefore be considered good quality, despite the 
variation in their physical characteristics. Pictures of the samples provided to survey participants are 
included in Appendix A (Figures 5 – 7). We showed participants three samples of Urea fertilizer: 
Sample A, good appearance (bright white and prilled) and good nutrient quality; Sample B, bad 
appearance (caked clumps with discoloration) and good nutrient quality; Sample C, bad appearance 
(presence of foreign material; perhaps mixed with DAP) and good nutrient quality. 
Participants were provided with all three samples to inspect at the same time. They were 
given one minute to examine the three samples however they chose (for example, participants were 
free to open the bag, touch the fertilizer, etc.). Once the inspection period was over, the enumerator 
asked a series of questions about the inferred characteristics of the sample. Specifically, we asked 
participants whether they agreed or disagreed (on a scale of 0 (extremely disagree) to 3 (extremely 
                                                
6 Tests were performed at a US-based private lab. Details are available in Fairbairn et al. (2016) and in Appendix A.  
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agree)) that each of the three samples had the following characteristics: the sample was adulterated, 
the sample had a nutrient content lower than advertised, the sample was expired, and finally, 
whether the sample would be easy to apply.7 Participants were then asked to provide the enumerator 
with the highest price that they would be willing to pay for the sample. After obtaining the initial 
willingness to pay, participants were provided with information on the measured (unobserved) 
nutrient quality of each sample.  The following script was used for each sample: 
Now, I would like to provide you with information on the nutrient and moisture content of these fertilizer samples. 
Fertilizers, including Urea, have nutrient and moisture standards that ensure that the fertilizer will improve soil 
fertility and help the crops to grow. For example, in Urea, the most important element is Nitrogen and samples of 
Urea should contain 46% Nitrogen. Also, Urea should not have moisture content greater than 1%.   
 
We tested the nutrient and moisture content of these Urea samples to ensure that they meet industry and national 
standards. We tested the fertilizer samples at a laboratory in Florida, USA. This particular laboratory tests the 
nutrient and moisture content of fertilizers for farmers and agricultural companies in the United States. We have 
the results of those tests and would like to share them with you.  
 
This sample has a Nitrogen content of X% and a moisture content less than Y%. According to the results from 
the laboratory, this sample meets industry standards and when applied correctly, will improve soil fertility and help 
crops grow. 
 
Note that “X” and “Y” represent the actual values of the measured nutrient and moisture content, 
and the statement was repeated for Sample A, Sample B, and Sample C. After receiving the nutrient 
quality information, participants were again asked to provide their maximum willingness to pay for 
each fertilizer sample.  
 
  
                                                
7 Note for ease in interpreting our results, we reverse the response scale from “easy to apply” to “difficult to apply.” 
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4. RESULTS 
4.1 Nutrient Content  
We collected 636 mineral fertilizer samples from agricultural inputs dealers and 187 samples 
from farmers. Table 1 shows the distribution of samples by fertilizer type across farmers and agro-
dealers. Table 2 presents the nutrient content standards for Urea, DAP, and CAN, as well as the 
mean nitrogen content and mean deviation from the nitrogen standard for each fertilizer type. 
Figures 1-3 illustrate the variation in nitrogen content across the three types of mineral fertilizer (by 
farmer and agro-dealer) with vertical reference lines indicating the standard nitrogen content for 
each.  
According to results from the laboratory tests, 92.96% of 823 samples are missing 
nitrogen—that is, their measured nitrogen content is less than their advertised nitrogen level. On 
average, ten percent of the nitrogen is missing from Urea, six percent from DAP, and seven percent 
from CAN (see Table 2), though a handful of samples have nitrogen contents that exceed the 
manufactured standards.  
Our results provide evidence that farmers are paying for mineral fertilizer that does not meet 
the national, international, and industry standard for nitrogen content. On average, fertilizers are 
short approximately ten percent of advertised nitrogen; for example, a 50-kilogram bag of Urea 
fertilizer, on average, contains 20.7 kilograms of nitrogen rather than the required 23 kilograms.   
Application of mineral fertilizer with inadequate nutrient content will impact yields and 
benefits from application will decline accordingly. Mather et al. (2016) calculate a linear maize-
nitrogen response rate for Tanzania of 7.6 kilograms of maize per kilogram of nitrogen applied; a 
ten percent nitrogen loss from the input means a ten percent loss in production. The nitrogen 
response rate at Tanzanian agricultural research centers is nearly 20 kilograms of maize per kilogram 
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of nitrogen applied, a rate similar to other parts of East Africa (Mather et al. 2016, Snapp et al. 
2014). 
4.2 Observable Characteristics  
In addition to measured nutrient deficiencies, about one quarter of the mineral fertilizer 
samples had observable quality issues such as caking or clumping, discoloration, powdering, or the 
presence of foreign material. Table 3 presents the prevalence of poor visual characteristics across the 
mineral fertilizer samples collected from farmers and agro-dealers. Caking was observed in 15% of 
farmer samples and 28% of samples obtained from agro-dealers; approximately 8% of all samples 
contained powdered granules.  
Farmers are attentive to these observable characteristics of mineral fertilizer. Table 4 
describes farmers’ previous experience with adulterated, expired, low nutrient content, and caked 
mineral fertilizer. More than half of the respondents reported having previously purchased caked 
mineral fertilizer and 82% reported knowing someone who had purchased caked fertilizer. Table 5 
describes farmers’ concerns about the quality of mineral fertilizer available in markets. Nearly 60% 
of respondents reported that over half of the mineral fertilizer sold in the market had issues with 
caking and clumps and 30% of farmers thought that over half of the mineral fertilizer in the market 
was expired (meaning the mineral fertilizer was sold past its expiration date).8  
Note that just as fertilizer with compromised nutrient content impacts farmer profits, 
physical quality problems also can have associated costs for farmers independent of inferred 
implications about nutrient content or agronomic efficacy. For example, caked fertilizer must be 
broken up by the farmer before application and powdered fertilizer is difficult to apply—both types 
of physical quality problems may result in losses during handling or storage. Approximately 30% of 
                                                
8 In Tanzania, several mineral fertilizer manufacturers include a batch date and an expiration date on the labeling of the 
hermitic bags.   
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surveyed farmers reported that they do not apply mineral fertilizer with caked clumps and 70% will 
first break the caked mineral fertilizer prior to application.9 
Given the prevalence of observable quality issues and the problems of nutrient quality in the 
samples, do observed physical properties reveal anything about the nutrient quality of the mineral 
fertilizer? What is the relationship between the nitrogen content of the fertilizer and the observed 
characteristics?   
4.3 Relationship of Observable Characteristics and Nutrient Content 
To assess the relationship between the observed physical characteristics and unobserved 
nutrient quality, we regress the standardized nitrogen content measure10 on the four physical 
attributes with interaction terms for each fertilizer type (Urea, DAP, CAN). Table 6 presents the 
results.  
In short, the observed properties of the sample exhibit little relationship with the nutrient 
quantity.11 That is, physical quality can exhibit degradation without underlying deficiencies in the 
nutrient content (and vice versa). Column (1) presents the results for the farmer samples combined 
with the samples from agro-dealers, but Column (2) adds a control for samples acquired from 
farmers. On average, Urea fertilizer samples are 9% deficient in nitrogen, and DAP and CAN are 
6% and 7% percent deficient, respectively (column (2)). Results suggest that the degree of caking has 
no relationship with the nutrient content of the mineral fertilizer in our samples; nor does presence 
                                                
9 Of those respondents who were willing to break up clumps, nearly a third indicated that they will break the clumps 
with their hand, another third indicated that they will use a tool, and the final third indicated that they will use some 
combination of the two to break the caked clumps. Fifteen percent of farmers indicated that they will break the clumps 
down to the size of a bottle cap, whereas 38% will break the clumps to the size of a grain of maize and then apply the 
mineral fertilizer. 
10 For each type of mineral fertilizer, the standardized nitrogen content was calculated as follows: the nitrogen content 
standard was subtracted from the measured nitrogen content. The difference was divided by the nitrogen content 
standard, resulting in the standardized nitrogen content. A negative figure represents a nitrogen deficiency, whereas zero 
or a positive figure represent sufficient nitrogen content.	
11 Notably, an IFDC study of fertilizer quality in West Africa found caking to be correlated with low nutrient content in 
a particular blend of NPK (Sanabria et al. 2013). 
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of dust and powders provide any information about the nitrogen content once we control for farmer 
samples. For Urea and DAP, evidence of granule discoloration is associated with a small decrease in 
measured nitrogen, but there is no relationship between discoloration and nitrogen for CAN 
(column (2)). Finally, the presence of foreign materials does not provide any information about the 
nutrient content of the mineral fertilizer. 
 We find evidence of nutrient problems in mineral fertilizer as well as problems with 
observed quality characteristics, but we find that observed characteristics do not help farmers 
identify the nutrient-deficient fertilizers. The question we turn to next is how farmers use observable 
traits to make quality inferences, and how those inferences impact their willingness to pay for the 
mineral fertilizer.  
4.4 Farmer Willingness to Pay for Mineral Fertilizer 
4.4.1 Relationship of Quality Inferences and Willingness to Pay 
Recall that as part of our willingness to pay exercise, we asked respondents four questions: 
whether they thought that each sample was adulterated; whether it had a nutrient content lower than 
advertised; whether it was expired; and finally, whether it would be difficult to apply. Respondents 
were attentive to the observable attributes of the fertilizer samples they inspected and 
overwhelmingly inferred underlying quality problems from observed characteristics. Table 7 presents 
assessments of each sample. Only 5% of the farmers thought that clean and clump-free Sample A 
had been adulterated while approximately 25% of farmers agreed or strongly agreed that Samples B 
and C had been adulterated. Twelve percent assessed Sample A as likely having a nutrient content 
less than advertised (46% nitrogen) while 67% assessed Sample B and 60% assessed Sample C as 
likely having low nitrogen. Samples B and C were similarly assessed as likely being past the 
expiration date from the manufacturer bag (62% and 57% of respondents agreed, respectively). 
Sixty-two percent of farmers indicated that Sample B (characterized by caking and clumping) would 
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be difficult to apply, and 68% responded that Sample C (foreign material present) would be difficult 
to apply. In contrast, 90% of respondents judged Sample A as easy to apply.  
In Table 8, we regress the willingness to pay on the inferred quality characteristics.12 Results 
suggest that farmers utilize observable characteristics to infer mineral fertilizer quality and that these 
inferences impact the price they are willing to pay for the input. This is particularly the case if 
farmers believe that the mineral fertilizer has a low nutrient content or is difficult to apply. Farmers 
discount Sample A by 36 cents and Sample B by 11 cents if they believe the fertilizer has a lower 
nutrient content than what is advertised. Interestingly, however, the discount does not hold for 
Sample C. Yet for Sample C, the small premium is offset if farmers believe it to be adulterated (it is 
discounted by five cents). Despite this, farmers significantly discount all samples by 36 cents if they 
believe that the sample would be challenging to apply to their crop. Our results affirm that not only 
do farmers take notice of the observed characteristics, but the sample traits that they infer, in turn, 
affects their willingness to pay for the mineral fertilizer. If farmers habitually make inferences—and, 
correspondingly, adjust their willingness to pay for the input—based on the visual and observed 
characteristics, would information about the nutrient quality assuage these concerns?      
4.4.2 Impact of Information on Willingness to Pay 
Recall that after the initial willingness to pay assessment, we provided farmers with 
information about the actual, measured nutrient content for each sample. We then asked participants 
to provide their WTP for a second time for each sample.13  
Table 9 presents the regression results of the effects of information provision on farmer 
reported willingness to pay. Prior to the information, farmers discounted Sample B 
                                                
12 Recall that we asked participants whether they agreed or disagreed (on a scale of 0 (extremely disagree) to 3 (extremely 
agree)). For ease of interpretation, we construct a binary scale (0:disagree, 1:agree) for each of the respective inferences.  
13 Directly after the willingness to pay exercise, participants were asked about the extent to which they believed the 
credibility of the fertilizer test results that we shared with them. Thirty-five percent of respondents found the testing 
results to be credible, whereas 63% believed the results to be extremely credible.  
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(caking/clumping) and Sample C (presence of foreign material) relative to Sample A (good 
appearance) by 39 and 45 cents, respectively. This discount is over less than half of the average 
market price of 1 kilogram of Urea (74 cents). Willingness to pay for each sample increases post-
information by 32 cents on average – a large effect relative to both the prevailing market price and 
the pre-information results; however, the overall change in willingness to pay is slightly larger for 
Sample B (caking/clumping) than Sample C (foreign material) or Sample A. Interestingly, the effect 
does not vary much by sample – farmers increase their WTP for Sample A nearly as much as they 
do for the poor-looking samples. Note that results hold with the inclusion of control variables 
(Column (2)) and farmer fixed effects (Column (3)).  
Figure 4 presents the mean willingness to pay for each sample pre- and post-information. To 
provide context for the willingness to pay estimates, we include a reference line that represents the 
average market price for 1 kilogram of Urea. The mean market price, 74 cents, represents the mean 
price of 302 samples of Urea purchased from agro-dealers in 2015 and 2016 in the Morogoro region. 
Note that prior to the information, farmers were unwilling to pay the mean market price for any of 
the samples. After receiving the information, farmers, on average, are willing to pay $1.02 for one 
kilogram of Urea that is of equivalent quality to Sample A. Sample A (good appearance) is the only 
sample farmers were willing to pay more than the average market price, which suggests that farmers 
remain skeptical of the quality of Samples B and C even after receiving information about the 
nutrient content.  
  Even with the information, however, farmers continue to report a lower willingness to pay 
for the clumpy and mixed samples relative to clean looking Sample A. An interpretation of this 
finding: farmers care about observed quality characteristics both as a signal of unobservable nutrient 
quality and as a separate quality dimension; resolving uncertainty around unobserved quality 
obviously does not solve observed quality problems. One reason for this may be that mineral 
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fertilizer with poor physical characteristics can imply additional costs for application. Pre-
information willingness to pay assessments therefore capture not only the farmer’s costs of 
uncertainty about nutrient quality, but also an expected cost of dealing with poor physical attributes; 
for example, farmers having to break up the clumps or sift through the adulterated mineral fertilizer 
to eliminate unwanted foreign material. Our post-information WTP estimates help decompose these 
costs as what remains after the uncertainty is resolved can be interpreted in lost time and resources 
from physical quality problems – including the costs of lost fertilizer if the clumps are discarded. 
Note that in the case of our respondents, nearly a third reported that they would not apply caked or 
clumped fertilizer to their crops at all.   
 Analysis of the mineral fertilizer willingness to pay assessment provides evidence that 
farmers make inferences about the unobservable quality from observable attributes, despite the fact 
that observables were found to be a poor predictor of nutrient quality. If physical observable quality 
characteristics are not informative to farmers, can farmers rely on the price of mineral fertilizer, or 
the transaction type, as signals of quality?   
4.5 Relationship of Transaction Attributes and Fertilizer Quality 
Small farmers may be especially likely to purchase mineral fertilizer of degraded observable 
quality because of the way that mineral fertilizer is packaged and sold in the region. Mineral fertilizer 
is sold in large standard quantities; 50-kilogram bags at a per bag price of USD $30-$50. The 
expense of a full 50-kilogram bag can exceed the limited budget of a small farmer, and farmers often 
purchase smaller quantities of fertilizer from open 50-kilogram bags in input supply stores. This 
means that input shops measure the amount of mineral fertilizer the farmer wants to purchase out 
of an open 50-kilogram bag or that the farmer purchases small bags of re-bagged fertilizer sold in 1-
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kilogram or 2-kilogram plastic bags.14 The quality of fertilizer sold and stored in open bags could be 
compromised in one of three ways: first, deterioration in fertilizer quality could result from the 
inputs dealer adulterating the product; second, the fertilizer, due to its sensitivity to environmental or 
storage conditions, may degrade naturally; or third, the granules within fertilizer blends may separate 
during transport or storage, meaning that farmers purchasing less than a full bag are likely to receive 
a product with inadequate nutrient content.  
 In our sample of farmers, we find that 64% provided us with fertilizer samples purchased 
from a previously opened bag. We observe an inverse relationship between quantity purchased and 
price paid: on average, farmers pay an additional (statistically significant) 17 cents per kilogram for 
mineral fertilizer purchased from an open bag relative to a closed manufacturer’s bag. Given that 
farmers pay more per kilogram on average for smaller quantities of mineral fertilizer, we probe this 
relationship further to see whether the type of purchase (open vs. closed bag) signals unobserved or 
observed quality. To examine the relationship with observed quality, we first regress the presence of 
clumps (as this is the most prevalent observed quality issue in the market) on an indicator variable 
for open bag while controlling for fertilizer type and gifted samples.15 In this specification, we 
observe that Urea purchased from a previously opened bag is statistically more likely to be caked or 
clumpy, a result one would expect because of the opened bag’s additional exposure to heat, 
humidity, and moisture (Table 10, Column (1)). If Urea from opened bags is more likely to be caked, 
the evidence from our willingness to pay assessment suggests that farmers will rely on these 
observed characters to make assumptions about the unobserved quality.  
Consistent with earlier analyses, we find no evidence that purchases from open bags are 
                                                
14 In Tanzania, the Fertilizer Act of 2011 prohibited the sale of mineral fertilizer from previously opened bags or 
unofficial packaging. Despite this, the sale of mineral fertilizer in quantities as small as one kilogram remains common 
practice.  
15 Samples that were given to farmer participants from a friend, family, neighbor, NGO, or government are considered a 
gift. In total, 15 of the 823 samples of mineral fertilizer were gifts and account for only 2% of the total number of 
samples. 
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more likely to have nutrient quality problems. We regress the standardized nitrogen content on an 
open bag dummy variable, while controlling for farmer samples and gifted samples, to determine 
whether purchasing mineral fertilizer from an opened bag is predictive of nitrogen content. We 
present these results in Column (2) of Table 10. Purchasing mineral fertilizer from an open bag does 
not predict nitrogen content: our interaction terms for DAP and CAN are insignificant and the 
linear combination for Urea is also insignificant. Thus, we find no relationship between purchasing 
mineral fertilizer from a previously opened bag and nitrogen content.  
We also examine whether quality characteristics relate to the fertilizer price, regressing the 
fertilizer price per kilogram on the standardized nitrogen content and the observable characteristics, 
while controlling for the fertilizer type and manufacturer. We restrict the analysis to samples 
purchased from agro-dealers and include market location fixed effects. Results are presented in 
Table 11. We find no relationship between the price and the nitrogen content, suggesting that 
farmers may face limitations to learning about underlying agronomic mineral fertilizer quality. Nor 
do we find any relationship between observable quality characteristics and price (Table 12).16 
Mineral fertilizer from open bags is more likely to have physical quality problems but no 
more likely than mineral fertilizer from closed bags to be deficient in nitrogen. Consequently, if 
small farmers purchase mineral fertilizer in small quantities and rely on the physical characteristics to 
infer quality, they may misconstrue the true measured quality of the mineral fertilizer. As a result of 
this misconception, farmers’ expected returns of investing in mineral fertilizer with poor appearance 
may be significantly lower than their expected returns of investing in mineral fertilizer with a good 
appearance. Moreover, the expected returns are also likely to be skewed by the prevalence of poor 
looking mineral fertilizer on the market (recall Table 5) and may inversely impact purchase quantity 
decisions. Because of perceived expectations of poor returns on bad-looking mineral fertilizer, 
                                                
16 Note that we eliminate 2 outlier observations. We restrict our sample to observations with a price per kilogram that is 
less than or equal to $2 (USD). The price per kilogram for each outlier was near $7 (USD).  
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farmers may be purchasing less mineral fertilizer than they otherwise would. 
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5. CONCLUSION 
Agricultural input quality in Sub-Saharan Africa has begun to receive attention from 
researchers and policy makers, but so far the focus has been exclusively on mineral fertilizer nutrient 
quality in markets where nutrient deviations appear to be considerable and pervasive (Bold et al. 
2015, Sanabria et al. 2013).  
Our research in Tanzania suggests a related problem with important implications for policy. 
We find more modest, but still important percentages of missing nutrients – about 10% on average 
– from samples of Urea, CAN, and DAP acquired from input shops and directly from farmers. But 
we make an important distinction in quality assessment for the first time: we find widespread 
evidence of degradation in physical quality characteristics and we find that these observable quality 
characteristics do not provide information about which mineral fertilizer samples are nutrient 
deficient. Moreover, we find evidence that farmers are attentive to these observable quality 
characteristics, that they are using physical characteristics to infer unobservable quality attributes, 
and that these inferences directly impact their willingness to pay for mineral fertilizer in a manner 
that suggests broader market implications. For example, farmers’ average reported willingness to pay 
for clumpy Urea was well below the market price. We find that farmers’ willingness to pay responds 
to information about the tested nutrient quality of the fertilizer but that, even post-information, 
WTP for bad-looking samples continues to trail assessments of the good-looking sample.  
The fact that farmers cannot infer measured nutrient quality from observables has two 
primary implications for mineral fertilizer markets: first, farmers with experience purchasing and 
applying mineral fertilizer may purchase less fertilizer than they otherwise would and second, 
farmers with no previous experience purchasing and applying mineral fertilizer may remain unlikely 
to adopt the input as part of their soil and farm management practices. In both cases, uncertainty 
regarding the influence of observed characteristics on unobserved quality may be an issue of 
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asymmetric or unobservable information; farmers do not have access to reliable information on the 
measured quality of mineral fertilizer. As a result, a complementary question remains: what do input 
dealers know about the quality of the mineral fertilizer that they are selling? 
We observe nitrogen deficiencies on the order of 10%. Such deficiencies, although modest, 
remain detrimental to farm yields. This is particularly the case for maize, as research and field trials 
confirm a linear maize yield response to the application of nitrogen (Bold et al. 2017, Mather et al. 
2016). As a result, the application of mineral fertilizer that is missing nitrogen (that is, containing less 
nitrogen than the standard crop-nutrient rating) has a direct and negative effect on farmer yields.  
For the case of Tanzania, the average maize yield per acre for Tanzanian farmers is 697 
kilograms (World Bank 2014).17 Assume a reasonable linear nitrogen-yield response rate of 7.5 
kilograms of maize per kilogram of nitrogen.18 Missing nitrogen effectively lowers the nitrogen yield 
response; a farmer will get 6.75 kilograms of maize per unit of mineral fertilizer applied when he or 
she should get 7.5 kilograms. In 2017, maize prices in Tanzania hovered around 60,000 Tanzanian 
Shillings (Tsh) per 100 kilograms sold (FEWS Net 2017). The resulting difference in the per 
kilogram net benefit of fertilizer application given a mean per kilogram fertilizer price of 1605 Tsh 
(assuming linear pricing) is approximately 207 Tsh. This means that, on average, farmers net profit 
for application of a kilogram of fertilizer is about 44% less than if there were no missing nutrients 
(258 Tsh instead of 465 Tsh). Note, however, that the application of mineral fertilizer missing 10% 
of nitrogen content, on average, still can be expected to result in increased profits for farmers, 
relative to not applying mineral fertilizer at all. 
                                                
17 Note we use the cereal yield measure, which includes maize, rice, millet, sorghum, etc. 
18 This is slightly more conservative than Mather et al. (2016)’s response rate of 7.6 kilograms of maize per kilogram of 
nitrogen.  
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A hypothesis in much of the existing research, media coverage,19 and policy work on 
agricultural inputs quality in Sub-Saharan Africa is that widespread adulteration and malfeasance is 
likely to blame for problems with missing nutrients in mineral fertilizer. Yet the potential reasons for 
the missing nutrients in our tested samples are much broader and include the importation of poor 
quality inputs and/or some degradation along the supply chain. Supply chains in the region moving 
fertilizer from port to rural input shops are capital constrained and limited in their logistics and 
storage capabilities (Fairbairn et al. 2016) and our findings suggest that poor supply chain 
management may be a culprit in this region, particularly with respect to degradation of observable 
quality characteristics. Our results suggest that capital constraints in markets can have direct effects 
on input adoption, agricultural productivity, and farmer investment, which of course impact market 
investment and development.  
Our findings raise important questions with respect to agro-dealers, specifically in regards to 
what they know about fertilizer quality and how they can act to improve it. First, do agro-dealers 
know about the underlying quality of their mineral fertilizer? Is information asymmetric in this 
market or unobserved by both buyer and seller? Second, if farmers take observed quality as a signal 
of unobserved quality and if these signals inform their WTP, why do traders continue to sell bad-
looking mineral fertilizer? A trader with good-looking mineral fertilizer could expect to capture 
significant market share from his or her local competitors with a reputation for products with 
desirable observable qualities.  One possibility is that the traders do not understand that farmers 
infer underlying quality from observed physical quality. A second possibility is that they do 
                                                
19 In 2013, a major Tanzanian newspaper reported that the Tanzania Fertilizer Regulatory Authority (TFRA) found 
adulterated fertilizer in six regions of Tanzania (Iringa, Mbeya, Morogoro, Njombe, Rukwa, and Ruvuma). After 
exposing the presence of substandard fertilizer, the Chief Executive Officer of TFRA stated “Most farmers can hardly 
tell genuine fertilizer from fake ones” and encouraged farmers to “carefully check the information on bags of fertilizer 
such as type, manufacturer’s address, nutrient contents, manufacturing date, expiration date, batch number, country of 
origin, and packaging weight” (Kitabu 2013). 
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understand the importance of visual quality parameters to farmers,20 but receive degraded quality 
mineral fertilizer from their own suppliers further up in the supply chain. If this is the case, however, 
what prevents input dealers from negotiating for better quality from their suppliers? A final 
explanation is that the mineral fertilizer degrades in their possession through poor storage and 
handling but the input dealer either does not associate storage conditions with observable quality or 
does not consider that the additional expense required to improve quality is valuable for his/her 
business. Nevertheless, each hypothesis suggests that an important area for future research is one 
that delves further into understanding what agro-dealers know about fertilizer quality, how they 
understand these issues (particularly for observable characteristics), and when they can recognize 
problems within the supply chain. 
Overall, variable input quality may partially explain the slow uptake of the use of mineral 
fertilizer in Tanzania. In the long-term, uncertainty regarding fertilizer quality could have widespread 
consequences for the functioning and growth of mineral fertilizer demand. Such problems could 
hamper efforts to increase adoption of fertilizer as a means of raising regional agricultural 
productivity and improving household and national food security. As a result, it is critical for 
policymakers to understand not merely the determinants of quality and quality degradation but also 
how farmers are assessing mineral fertilizer quality, what attributes they care about, and how they 
decide whether a fertilizer purchase has those attributes. Increasing small farmer use of mineral 
fertilizer and hybrid seeds is key to improving regional agricultural productivity and raising incomes 
and food security but use of these inputs remains relatively low. Our results suggest variable quality 
– both observable and unobservable – is an important missing piece of the puzzle.  
 
  
                                                
20 In fact, results in Fairbairn et al. (2016) suggest the dealers themselves take these observable quality characteristics as a 
signal of underlying quality. 
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FIGURES  
 
Figure 1: Urea Nitrogen Content* 
 
*Note: Red vertical line denotes standard nitrogen content. 
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Figure 2: DAP Nitrogen Content*  
 
*Note: Red vertical line denotes standard nitrogen content. 
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Figure 3: CAN Nitrogen Content*  
 
*Note: Red vertical line denotes standard nitrogen content. 
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Figure 4: Pre- and Post-Information Comparison of Mean Willingness to Pay* 
  
*Note: standard deviations are represented by the brackets on each bar.  
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TABLES 
 
Table 1. Distribution of Fertilizer Samples by Type 
  Agro-dealers Farmers 
Urea 302 127 
DAP 138 55 
CAN 196 5 
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Table 2. Standard Nitrogen Content and Mean Nitrogen Content, by Fertilizer Type 
  
  Standard Nitrogen Content  
(Minimum %) 
Mean Nitrogen Content 
(%) 
Mean Deviation from 
Nitrogen Standard 
(%) 
Urea 46 41.28 (3.90) 
-10.30 
(0.08) 
DAP 18 16.86 (1.28) 
-6.84 
(0.05) 
CAN 26 24.72 (2.18) 
-6.72 
(0.05) 
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Table 3. Prevalence of Poor Observable Characteristics  
 
Farmers 
(%) 
Agro-dealers  
(%) 
Presence of clumps/caking 15.30 27.84 
Discolored 6.01 10.38 
Presence of foreign material 9.29 4.78 
Presence of powdered granules 7.65 7.91 
n 183 607 
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Table 4. Personal Experience and Fertilizer Quality Concerns 
  Ever had mineral 
fertilizer with this 
problem?  
(%) 
Ever known someone 
who has had mineral 
fertilizer with this 
problem?  
 (%) 
Mineral fertilizer can be adulterated 13.94 21.21 
Mineral fertilizer can be expired 29.70 56.97 
Mineral fertilizer can have a nutrient 
content that is different from what is 
advertised 
20.00 37.58 
Mineral fertilizer can be caked and clumpy 
from moisture 55.15 82.42 
n 164 164 
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Table 5. Market Level Fertilizer Quality Concerns 
  How big of a concern is this issue for you? 
  It’s a problem and 
affects more than half 
of the fertilizer in the 
market  
(%) 
It’s a problem, but 
affects less than half of 
the fertilizer in the 
market  
(%) 
It’s not a problem  
(%) 
Mineral fertilizer 
can be adulterated 17.58 18.18 64.24 
Mineral fertilizer 
can be expired 29.99 40.61 30.30 
Mineral fertilizer 
can have a nutrient 
content that is 
different from what 
is advertised 
14.54 28.48 56.97 
Mineral fertilizer 
can be caked and 
clumpy from 
moisture 
58.18 26.67 15.15 
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Table 6. Relationship of Measured and Observed Characteristics 
  (1) (2) 
 
Standardized Nitrogen 
Content 
Standardized Nitrogen 
Content 
     
DAP 0.03*** 0.03*** 
 
(0.01) (0.01) 
CAN 0.04*** 0.02*** 
 
(0.01) (0.01) 
Number of Clumps 0.00* 0.00 
 
(0.00) (0.00) 
DAP*Number of Clumps 0.00 0.00 
 
(0.01) (0.01) 
CAN*Number of Clumps -0.00 -0.00 
 
(0.00) (0.00) 
Presence of Powder -0.03** -0.02 
 
(0.01) (0.01) 
DAP*Presence of Powder 0.07 0.05 
 
(0.07) (0.07) 
CAN*Presence of Powder 0.00 -0.01 
 
(0.02) (0.02) 
Discolored -0.07*** -0.06*** 
 
(0.02) (0.02) 
DAP*Discolored 0.06*** 0.03 
 
(0.02) (0.02) 
CAN*Discolored 0.09*** 0.08*** 
 
(0.02) (0.02) 
Presence of Foreign Materials -0.01 -0.01 
 
(0.01) (0.01) 
DAP*Presence of Foreign Materials 0.03 0.04 
 
(0.03) (0.03) 
CAN*Presence of Foreign Materials 0.02 0.02 
 
(0.04) (0.04) 
Farmer Sample 
 
-0.04*** 
  
(0.01) 
Constant (Urea) -0.10*** -0.09*** 
 
(0.00) (0.00) 
   Observations 790 790 
R-squared 0.09 0.15 
Standard errors in parentheses 
 *** p<0.01, ** p<0.05, * p<0.1 
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Table 7. Agreement in Inferred Quality, by Sample 
Adulterated 
Sample A 
(%) 
Sample B 
(%) 
Sample C 
(%) 
Total 
(%) 
Extremely Disagree 40 17.58 22.42 26.67 
Disagree 55.15 56.97 53.33 55.15 
Agree 4.85 23.64 16.97 15.15 
Extremely Agree 0 1.82 7.27 3.03 
Total 100 100 100 100 
 
Low Nutrient Content 
Sample A 
(%) 
Sample B 
(%) 
Sample C 
(%) 
Total 
(%) 
Extremely Disagree 15.15 2.42 2.42 6.67 
Disagree 73.33 30.3 35.15 46.26 
Agree 11.52 66.06 52.73 43.43 
Extremely Agree 0 1.21 9.7 3.64 
Total 100 100 100 100 
 
Expired 
Sample A 
(%) 
Sample B 
(%) 
Sample C 
(%) 
Total 
(%) 
Extremely Disagree 38.79 3.64 3.64 15.35 
Disagree 53.33 34.55 39.39 42.42 
Agree 7.88 55.76 39.39 34.34 
Extremely Agree 0 6.06 17.58 7.88 
Total 100 100 100 100 
 
Difficult to Apply 
Sample A 
(%) 
Sample B 
(%) 
Sample C 
(%) 
Total 
(%) 
Extremely Disagree 52.73 5.45 7.88 22.02 
Disagree 36.97 32.12 24.24 31.11 
Agree 9.70 60.00 52.12 40.61 
Extremely Agree 0.61 2.42 15.76 6.26 
Total 100 100 100 100 
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Table 8. Relationship of Willingness to Pay and Inferred Quality1 
  (1) 
  
WTP 
(USD) 
Sample B (clumps) -0.08** 
 
(0.03) 
Sample C (foreign material present) -0.06 
 
(0.05) 
Adulterated 0.12 
 
(0.09) 
Sample B*Adulterated -0.14 
 
(0.10) 
Sample C*Adulterated -0.17* 
 
(0.09) 
Low Nutrient Content -0.36*** 
 
(0.13) 
Sample B*Low Nutrient Content 0.25* 
 
(0.13) 
Sample C*Low Nutrient Content 0.43*** 
 
(0.14) 
Expired -0.11 
 
(0.16) 
Sample B*Expired 0.15 
 
(0.18) 
Sample C*Expired -0.01 
 
(0.18) 
Difficult to Apply -0.36* 
 
(0.21) 
Sample B*Difficult to Apply -0.18 
 
(0.22) 
Sample C*Difficult to Apply -0.28 
 
(0.21) 
Constant 0.77*** 
 
(0.03) 
  Observations 494 
R-squared 0.66 
Robust standard errors in parentheses 
 *** p<0.01, ** p<0.05, * p<0.1 
 1 Recall that we asked participants whether they agreed or disagreed on a scale of 0 (extremely 
disagree) to 3 (extremely agree). For ease of interpretation, we dichotomize the scale for each of the 
respective inferences.  
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Table 9. Effects of Information on WTP (USD) 
   (1) (2) (3) 
  
WTP 
(USD) 
WTP 
(USD) 
WTP 
(USD) 
Sample B (clumps) -0.39*** -0.39*** -0.39*** 
 
(0.04) (0.04) (0.04) 
Sample C (foreign material present) -0.45*** -0.45*** -0.45*** 
 
(0.04) (0.04) (0.04) 
Post-Information 0.32*** 0.32*** 0.32*** 
 
(0.03) (0.03) (0.03) 
Post-Information, Sample B 0.07* 0.07* 0.07* 
 
(0.04) (0.04) (0.04) 
Post-Information, Sample C 0.01 0.01 0.00 
 
(0.04) (0.04) (0.04) 
Constant 0.68*** 0.65*** 0.68*** 
 
(0.03) (0.12) (0.03) 
    Control Variables1 No Yes - 
Fixed Effects No No Yes 
    
Observations 989 989 989 
R-squared 0.29 0.31 0.29 
Robust standard errors in parentheses 
  *** p<0.01, ** p<0.05, * p<0.1 
  1Control variables include: gender, age, level of education, years of farming experience, assets, and 
amount of land owned 
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Table 10. Relationship of Mineral Fertilizer from Open Bags and Clumps, Nitrogen Content 
  (1) (2) 
 
Presence of Clumps 
Standardized  
Nitrogen Content 
      
DAP -0.23*** 0.04*** 
 
(0.04) (0.01) 
CAN -0.22*** 0.06** 
 
(0.04) (0.02) 
Open Bag 0.16*** -0.00 
 
(0.04) (0.01) 
DAP*Open Bag 
 
-0.01 
  
(0.02) 
CAN*Open Bag 
 
-0.03 
  
(0.02) 
Gift -0.15 -0.05*** 
 (0.11) (0.02) 
Farmer Samples 
 
-0.04*** 
  
(0.01) 
Constant 0.23*** -0.09*** 
 
(0.04) (0.01) 
   Observations 784 817 
R-squared 0.08 0.13 
Standard errors in parentheses 
  *** p<0.01, ** p<0.05, * p<0.1 
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Table 11. Relationship of Price per Kilogram and Quality 
 (1) 
 
Price per Kilogram 
(TZ Sh) 
  
 Nitrogen Content (standardized) -2.643 
 
(215.0) 
Clumps 8.757 
 
(5.749) 
Powdering -3.714 
 
(29.54) 
Discoloration -25.99 
 
(34.50) 
Foreign material 34.25 
 
(38.37) 
Constant 1,620*** 
 (65.43) 
  
Market location FE Yes 
Fertilizer type Yes 
Manufacturer controls Yes 
  Observations 603 
R-squared 0.715 
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table 12. Relationship of Price per Kilogram and Observed Characteristics 
  (1) 
 
Price per kilogram (USD) 
    
DAP 0.12*** 
 
(0.02) 
CAN -0.02 
 
(0.02) 
Number of Clumps 0.00 
 
(0.00) 
DAP*Number of Clumps 0.02 
 
(0.02) 
CAN*Number of Clumps -0.00 
 
(0.01) 
Presence of Powder 0.02 
 
(0.03) 
DAP*Presence of Powder -0.01 
 
(0.16) 
CAN*Presence of Powder 0.04 
 
(0.05) 
Discolored -0.00 
 
(0.04) 
DAP*Discolored 0.05 
 
(0.05) 
CAN*Discolored 0.00 
 
(0.06) 
Presence of Foreign Materials -0.03 
 
(0.03) 
DAP*Presence of Foreign Materials 0.06 
 
(0.07) 
CAN*Presence of Foreign Materials 0.01 
 
(0.10) 
Farmer Sample -0.17*** 
 
(0.01) 
Constant (Urea) 0.69*** 
 
(0.01) 
  Observations 785 
R-squared 0.25 
Standard errors in parentheses 
 *** p<0.01, ** p<0.05, * p<0.1 
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APPENDIX A: ADDITIONAL RESEARCH PROJECT DETAILS 
Figure 5: Sample A 
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Figure 6: Sample B 
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Figure 7: Sample C 
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Farmer Survey & Fertilizer Sample Collection 
IITA provided us with a list of agricultural extension officers and/or, in some cases, lead 
farmers for 19 villages in Mvomero district. This list included extension agents working with IITA to 
establish village-level field demonstration plots. Of the 19 villages that we had contact information 
for, 14 were actively working with IITA and 10 had already established a farmer field school in 
conjunction with IITA.  
We implemented the following protocol to identify villages and farmers for the survey. First, 
we made in-person visits to the offices of the agricultural extension officers. We visited 11 
agricultural extension officers from IITA's list and four villages that were not on our original list. We 
met with the extension officer and/or the lead farmer and discussed the needs of our work. The 
research team reiterated the criteria for farmers to participate in the study: (1) The farmers needed to 
have experience purchasing and applying mineral fertilizer, specifically experience with purchasing 
and applying Urea, DAP, and CAN; (2) Farmers needed to possess Urea, DAP, and/or CAN at the 
planned time of the survey; and (3) Farmers had to be willing to provide the research team with a 
small (0.25 kg) sample of the Urea, DAP, and/or CAN in their possession. Regarding the third 
criterion, agricultural extension officers and lead farmers were asked whether farmers could provide 
us with an amount of fertilizer that you could hold in the palm of your hand or that would fill a 
small cup used for tea.21 
On the day of the survey, the research team arrived earlier than the agreed-upon time. This 
ensured that the team would be able to observe the behavior of the extension officer, lead farmer, or 
                                                
21 In all pre-survey communication, we indicated to the agricultural extension officers and lead farmers that participants 
would not be compensated for their fertilizer or for their time. We stressed this point because we wanted farmers to 
participate in the work because they wanted to volunteer themselves and not because they wanted compensation. The 
agricultural extension officer and/or the lead farmer were responsible for contacting farmers directly and recruiting 
farmers who met the participation criteria. In addition, we asked the agricultural extension officers to consider whether 
there were farmer groups or associations in the village. In this case, we asked that the agricultural extension officer 
should call upon one farmer to represent that particular group or association, rather than asking multiple members to 
participate. 
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other participants and to verify that none of the fertilizer samples had been divided or shared among 
participants. In each village, the survey was conducted at the local village government office. As 
participants arrived, the research field supervisor began a screening process of each of the 
participants and their fertilizer. The field supervisor asked each of the participants a set of questions 
about their fertilizer sample/s, including: (1) What type of fertilizer did you bring? (2) To which 
crop/s did you apply this fertilizer? (3) Did you apply this fertilizer during the planting stage or the 
cultivation stage? (4) Where did you buy this fertilizer? (5) What was the original amount of fertilizer 
purchased? (6) How much did you pay for it? 
Participants who were able to answer these questions easily and confidently were invited to 
participate in the survey. Five participants were excluded from the survey as a result of the screening 
process. The fertilizer samples brought by the participating farmers were collected, and the samples 
were prepared and packed for laboratory testing immediately.22  
Upon successful completion of the screening, participants provided their fertilizer sample/s 
to members of the research team. The sample was assigned a unique identification code, a photo 
was taken of the sample, and then the sample was packed in a plastic bag. Samples were then 
double-packed in a second plastic bag for storage in plastic bins and transported to laboratories for 
testing. Once all of the village participants completed the initial screening process and the fertilizer 
samples were collected, the survey began. No additional participants were allowed to join the survey 
once all of the fertilizer samples were collected. Upon completion of the survey, participants were 
provided 5000 TSh ($2.29 USD as of 12/27/16). The payment was provided to compensate for the 
                                                
22 In the case that participants were unable to answer the screening questions, they were excused from participating in 
the survey and their fertilizer sample was not collected. In the case that participants were able to answer some questions, 
but the field supervisor was unsure of whether the participant was being honest, the field supervisor asked the 
participant whether other members of the research team could accompany the participant to his/her home to see the 
remaining stock of fertilizer/s. If the research team was able to verify the stock of the fertilizer, the participant was 
invited to participate in the survey and the research team collected the fertilizer. 
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fertilizer that was offered to the research team and the amount of time spent participating in the 
survey.23 
Agro-dealer Survey & Fertilizer Sample Collection 
We began the agro-dealer census and survey by verifying two different lists of agro-dealers. 
The first list was provided at the district level by the Ministry of Agriculture in Morogoro for the 
Morogoro Rural district and included 61 input shop names and locations. List verification was 
completed through in-person visits by members of the research team. The second list was 
provided by the Alliance for Green Revolution in Africa (AGRA), for all eight districts of 
Morogoro region.  This list consisted of 173 persons who participated in agro-dealer trainings 
(CNFA/TAGMARK), overseen by AGRA, to participate in the National Agricultural Input 
Voucher Scheme. Participants in AGRA trainings included individuals with previously established 
agricultural inputs shops and individuals interested in accepting fertilizer vouchers as part of the 
program. Initial verification of this list was done via phone by members of the research team. The 
research team determined whether the individual was selling fertilizer and confirmed the location 
of the store from which it was sold. 
The list verification process determined that lists from the government and AGRA were 
both incomplete and inaccurate; numerous individuals contacted from the lists reported no 
involvement in input operations and known agro-dealers operating in the Morogoro Region were 
not included on the lists. As a result, we developed a route and itinerary for the agro-dealer census. 
Although we had some information that we verified from AGRA on agro-dealer locations, the 
research team used the following process to complete the list of agro-dealers operating in the 
Morogoro Region. First, we devised a census and survey schedule based on a regional map of 
                                                
23 Note that the average 2015-2016 regional price of 1 kilogram of Urea fertilizer is 1605 TSh and we collected 
approximately 0.25 kilograms of mineral fertilizer from farmers; thus, the compensation provided to farmers ensured 
that participants were renumerated for the fertilizer they provided us, as well as for the time spent participating in the 
survey. 
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Morogoro following the primary and secondary road networks. At each ward office, the research 
team visited the ward level agricultural extension officers to identify and locate agro-dealers. In 
locations where the village level agricultural extension officer was not available, the research team 
conducted its own search but also interviewed two or three local informants from the village about 
agro-dealers in the area. At every agro-dealer location surveyed, we employed a snowballing 
method and asked the respondent to identify additional agro-dealers in the current location or in 
the following village or location. 
As a result of these methods, we identified and surveyed 225 agro-dealers throughout 
Morogoro Region. In a small number of cases, we were unable to survey an identified agro-dealer. 
This generally occurred because the shop was closed at the time of the interview, the shop did not 
actually sell fertilizer and only sold other agricultural inputs, or the agro-dealer refused to 
participate in our survey. It is important to note that we were mostly refused in the Morogoro 
Municipal district. 
The agro-dealer survey collected information about the scale and history of the operation, 
the demographics of the owner, storage and transport facilities owned and rented, participation in 
government input and capacity programs, identities of the wholesalers and/or retailers where input 
shops source mineral fertilizer, types of fertilizer stocked and in which months, and terms of shop 
transactions (financing, transport) when purchasing and selling mineral fertilizer. In addition, we 
collected the geographic coordinates of all shops in the sample, which allows us to study spatial 
relationships between suppliers, retailers, quality parameters, and transport distances in the supply 
chain. These data allow us to comprehensively map the regional fertilizer supply chain, something 
which has never been done before in Tanzania. 
Fertilizer samples were purchased in two rounds from all surveyed shops: before the start 
of the primary agricultural season in November and December 2015 and during planting and 
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cultivation in March and April 2016. We used a covert shopper approach to make two types of 
purchases during the primary agricultural season: we purchased 1 kg samples from previously 
opened bags; and we randomly chose a type of a closed bag to purchase. 
In the case of the 1 kg samples purchased from previously opened bags in the shops, we 
employed a covert approach. An enumerator different from the enumerator who conducted the 
agro-dealer’s interview purchased the samples. The enumerator followed a pre-defined script: he 
greeted the shopkeeper and asked the shopkeeper to buy 1kg of Urea, DAP, and CAN. If the shop 
had all three types available, the enumerator purchased all three. If the shop had only two types or 
one type available, the enumerator purchased the type(s) that were available. As is culturally 
appropriate for a Tanzanian farmer, enumerators dressed in the way that a farmer would dress if 
he/she were making a visit to town; namely, this meant that our male enumerators wore collared 
shirts, trousers, and sandals. In the case that enumerators were asked additional questions by the 
agro-dealer, they were prepared to respond with locally appropriate responses. For example, on 
occasion, our enumerators were asked by agro-dealers on which crop they intended to apply the 
fertilizer(s). As a result of the earlier survey, our enumerators were aware of the major crops grown 
in the location, and, as such, were able to engage the agro-dealers in a locally appropriate way. 
In the case of the samples from closed bags, we developed a randomized method for 
shops from which to purchase the closed bags. Closed bags of fertilizer from the manufacturer can 
range in amount from 5 kg to 50kg. In order to ensure that the samples of closed manufacturer 
bags were representative of the region, we developed a purchasing quota based on the proportion 
of agro-dealer shops in each district relative to the regional total. Next, we identified the semi-
urban and urban locations where we expected closed bags to be available. When we arrived in 
these locations, the first enumerator made the covert purchase of the 1 kg sample(s). Afterward, a 
second enumerator visited all of the shops in the location and inquired about the availability of 
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closed bags (ranging from 5 kg to 50 kg) and the types of fertilizer available. We randomized 
purchasing over two dimensions across shops within a village: the store and the type of fertilizer 
we purchased. 
During the November 2015 round, the samples were purchased at the time of interview. 
The research team was instructed to purchase 1kg samples of any fertilizer available from the 
following types: Urea, DAP and CAN. During this round, we purchased the following number of 
samples: 160 Urea, 75 DAP, and 95 CAN. Of the 176 purchasing transactions our enumerators 
engaged in at the time of the survey, 61.9% found that the previously opened bags of fertilizer 
were visible within the store. Moreover, of these transactions, 90.5% occurred directly in front of 
the enumerator. 
Purchased samples were stored in their original plastic bag packaging and labeled with the 
store and purchase information for the purposes of creating unique sample identifications. 
Samples were placed in airtight plastic bins for storage. In the first round, the samples were 
packed and sealed doubled Ziploc bags and coded throughout the six weeks of the purchasing 
round. In the second round, the sample packing was completed after the two-week sample 
collection. 
Mineral Fertilizer Testing  
 The Soil-Plant Diagnostics Spectral Lab at the World Agroforestry Centre (ICRAF) in 
Nairobi, Kenya, conducted the nutrient content testing for all of the mineral fertilizer samples. 
ICRAF utilized two methods to determine the nitrogen content: Mid-infrared diffuse reflectance 
spectroscopy (MIR) and portable X-ray fluorescence (pXRF) spectroscopy. In general, spectroscopy 
measures the quantities of chemical elements (ie., nitrogen), by analyzing how infrared radiation 
responds to physical matter (ie., fertilizer). Although spectroscopy is used widely in many fields, 
ICRAF has been a world leader in developing and utilizing these technologies for agricultural 
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applications. Namely, ICRAF has contributed to advancing spectroscopy techniques and 
methodologies for measuring soil (Terhoeven-Urselmans et al. 2010, Towett et al. 2015) and plant 
(Towett et al. 2015) chemical composition. As the spearhead of the African Soil Information 
Service, a project to generate new and precise soil maps for the continent, the next focus for ICRAF 
is to develop and test methodologies for rapidly testing mineral fertilizer. This rapid testing would 
enable the fertilizer industry to ensure that high quality mineral fertilizer is supplied and provide the 
ability for area-specific blending that accommodates and addresses the soil conditions of that 
particular area.  
 The MIR technology relies on predicting the chemical values based on a set of previously 
calibrated data. In our case, ICRAF instructed us to test 59 of our fertilizer samples externally, the 
results of which would be used as reference data to measure the nitrogen content of the remaining 
fertilizer samples. The nitrogen content of these 59 samples were analyzed with a traditional wet 
chemistry method, the Kjeldahl method, at Thornton Laboratories in the United States.24  For the 
MIR measurement of nitrogen content, ICRAF relied on Inductively Coupled Plasma Atomic 
Emission Spectroscopy (ICP-OES) methods.25 For reference, the prediction capability of MIR 
technology for total nitrogen content for soil is good: Towett et al. (2015) find that using MIR can 
predict total nitrogen with a R2 greater than 0.80.  
 The pXRF method is a technology that has exciting field-based applications. Unlike MIR 
technologies, the pXRF is a handheld device, meaning that it can be used directly in the field. The 
pXRF analyzes the total elemental composition of the physical matter being measured. For example, 
in the case of mineral fertilizer, this technology has the ability to serve two main purposes. First, it 
has the ability to rapidly test whether the fertilizer nutrient content has degraded and/or whether it 
                                                
24 The specific procedure used was AOAC 955.04. More information is available here: 
http://www.eoma.aoac.org/methods/info.asp?ID=29898 
25 The method was developed by KU Lueven University, additional information can be found here: 
https://www.mtm.kuleuven.be/equipment/ICP-OES/ICP-OES 
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has been adulterated. Second, if area-specific fertilizer blends becomes widespread, the technology is 
sensitive enough to measure whether the fertilizer is the appropriate chemical composition. Our 
fertilizer samples were the first set of samples to be tested with ICRAF’s pXRF and will serve as 
reference data for subsequent fertilizer analyses. 
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APPENDIX B: STATA DO-FILE 
* By: Anna Fairbairn 
* July 1, 2017 
* Do-file for thesis tables 
 
***************************************************************************************** 
*Figures 1-3, Tables 1-3,6,10-12 use the data set below: 
 use "/Users/Anna/Dropbox/Fertilizer Quality in Tanzania/__ master data files/farmer 
survey WTP data/post-cleaning processed data/combinedsamples_9dec16.dta", clear 
 
*Figure 4 was generated in excel 
 
*Tables 4-5 use the data set below: 
 use "/Users/Anna/Dropbox/Fertilizer Quality in Tanzania/__ master data files/farmer 
survey WTP data/post-cleaning processed data/db_17_market.dta" 
 
*Note: Tables Tables 7-9 use the data set below: 
 use "/Users/Anna/Dropbox/Fertilizer Quality in Tanzania/__ master data files/farmer 
survey WTP data/post-cleaning processed data/Anna Stacked with Dummies.dta" 
***************************************************************************************** 
 
  
****Figure 1, Urea Nitrogen Content********************************************************* 
  
 use "/Users/Anna/Dropbox/Fertilizer Quality in Tanzania/__ master data files/farmer 
survey WTP data/post-cleaning processed data/combinedsamples_9dec16.dta", clear 
 histogram nitro if ferttype==0, by(farmer) xline(46) xtitle(Percent Nitrogen) 
 
 
****Figure 2, DAP Nitrogen Content********************************************************* 
  
 use "/Users/Anna/Dropbox/Fertilizer Quality in Tanzania/__ master data files/farmer 
survey WTP data/post-cleaning processed data/combinedsamples_9dec16.dta", clear 
 histogram nitro if ferttype==1, by(farmer) xline(18) xtitle(Percent Nitrogen) 
 
  
****Figure 3, CAN Nitrogen Content********************************************************* 
  
 use "/Users/Anna/Dropbox/Fertilizer Quality in Tanzania/__ master data files/farmer 
survey WTP data/post-cleaning processed data/combinedsamples_9dec16.dta", clear 
 histogram nitro if ferttype==2, by(farmer) xline(26) xtitle(Percent Nitrogen) 
 
  
****Figure 4, Pre- and Post-Information Comparison of Mean Willingness to Pay***************** 
 *generated in excel, not stata 
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****Table 1, Distribution of Fertilizer Samples by Type***************************************** 
  
 use "/Users/Anna/Dropbox/Fertilizer Quality in Tanzania/__ master data files/farmer 
survey WTP data/post-cleaning processed data/combinedsamples_9dec16.dta", clear 
 tab ferttype farmer 
 
  
****Table 2, Measured Nitrogen Content & Industry Standards by Fertilizer Type***************** 
  
 use "/Users/Anna/Dropbox/Fertilizer Quality in Tanzania/__ master data files/farmer 
survey WTP data/post-cleaning processed data/combinedsamples_9dec16.dta", clear 
  
 *Urea, mean nitrogen content: 
 summarize nitro if ferttype==0 
 *Urea, mean deviation from nitrogen standard 
 summarize nstand2 if ferttype==0 
  
 *DAP, mean nitrogen content: 
 summarize nitro if ferttype==1 
 *DAP, mean deviation from nitrogen standard 
 summarize nstand2 if ferttype==1 
 
 *CAN, mean nitrogen content 
 summarize nitro if ferttype==2 
 *CAN, mean deviation from nitrogen standard 
 summarize nstand2 if ferttype==2 
  
  
****Table 3, Prevalence of Poor Visual Characteristics of Fertilizer Samples********************** 
  
 use "/Users/Anna/Dropbox/Fertilizer Quality in Tanzania/__ master data files/farmer 
survey WTP data/post-cleaning processed data/combinedsamples_9dec16.dta", clear 
  
 *Presence of clumps 
 tabulate farmer, summarize(clumps) 
 *Presence of discoloration 
 tabulate farmer, summarize(discolor) 
 *Presence of foreign material 
 tabulate farmer, summarize(foreign) 
 *Presence of powder 
 tabulate farmer, summarize(powder) 
  
  
****Table 4, Personal Experience and Fertilizer Quality Concerns****************************** 
 
 use "/Users/Anna/Dropbox/Fertilizer Quality in Tanzania/__ master data files/farmer 
survey WTP data/post-cleaning processed data/db_17_market.dta" 
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 *Ever purchased mineral fertilizer with this problem? 
 *Adulterated 
 tab padult 
 *Expired 
 tab pexpired 
 *Low nutrient content 
 tab pnutrient 
 *Caked 
 tab pcaked 
  
 *Ever known someone who has had mineral fertilizer with this problem? 
 *Adulterated 
 tab fadult 
 *Expired 
 tab fexpired 
 *Low nutrient content 
 tab fnutrient 
 *Caked 
 tab fcaked 
 
****Table 5, Market Level Fertilizer Quality Concerns***************************************** 
 
 use "/Users/Anna/Dropbox/Fertilizer Quality in Tanzania/__ master data files/farmer 
survey WTP data/post-cleaning processed data/db_17_market.dta" 
 
 *How big of a concern is this issue for you? 
 *Adulterated 
 tab adult 
 *Expired 
 tab expired 
 *Low nutrient content 
 tab nutrient 
 *Caked 
 tab caked 
  
 
****Table 6, Relationship between measured and observed characteristics************************ 
  
 use "/Users/Anna/Dropbox/Fertilizer Quality in Tanzania/__ master data files/farmer 
survey WTP data/post-cleaning processed data/combinedsamples_9dec16.dta", clear 
 
 *Column 1, no control for farmer samples 
 reg nstand2 i.ferttype##c.nclumpsI i.ferttype##c.powder i.ferttype##c.discolor 
i.ferttype##c.foreign 
 
 *Column 2, farmer samples control 
 reg nstand2 i.ferttype##c.nclumpsI i.ferttype##c.powder i.ferttype##c.discolor 
i.ferttype##c.foreign i.farmer 
   59 
  
  
****Table 7, Agreement in Inferred Quality, by Sample**************************************** 
 
 use "/Users/Anna/Dropbox/Fertilizer Quality in Tanzania/__ master data files/farmer 
survey WTP data/post-cleaning processed data/Anna Stacked with Dummies.dta" 
  
 *Adulterated 
 tab adulterated if samplea==1 
 tab adulterated if sampleb==1 
 tab adulterated if samplec==1 
 tab adulterated 
  
 *Low Nutrient Content 
 tab lownutrient if samplea==1 
 tab lownutrient if sampleb==1 
 tab lownutrient if samplec==1 
 tab lownutrient 
 
 *Expired 
 tab expired if samplea==1 
 tab expired if sampleb==1 
 tab expired if samplec==1 
 tab expired 
  
 *diff2apply 
 tab diff2apply if samplea==1 
 tab diff2apply if sampleb==1 
 tab diff2apply if samplec==1 
 tab diff2apply 
  
  
****Table 8, Relationship of WTP and Inferred Quality**************************************** 
 
 use "/Users/Anna/Dropbox/Fertilizer Quality in Tanzania/__ master data files/farmer 
survey WTP data/post-cleaning processed data/Anna Stacked with Dummies.dta" 
 
 *Generate dummies 
 generate adulterated_2=adulterated 
 replace adulterated_2 = 0 if adulterated_2==1 
 replace adulterated_2 = 1 if adulterated_2==2 
 replace adulterated_2 = 1 if adulterated_2==3 
 tab adulterated  
 tab adulterated_2 
 
 generate lownutrient_2=lownutrient 
 replace lownutrient_2 = 0 if lownutrient_2==1 
 replace lownutrient_2 = 1 if lownutrient_2==2 
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 replace lownutrient_2 = 1 if lownutrient_2==3 
 tab lownutrient  
 tab lownutrient_2 
  
 generate expired_2=expired 
 replace expired_2 = 0 if expired_2==1 
 replace expired_2 = 1 if expired_2==2 
 replace expired_2 = 1 if expired_2==3 
 tab expired  
 tab expired_2 
  
 generate diff2apply_2=diff2apply 
 replace diff2apply_2 = 0 if diff2apply_2==1 
 replace diff2apply_2 = 1 if diff2apply_2==2 
 replace diff2apply_2 = 1 if diff2apply_2==3 
 tab diff2apply 
 tab diff2apply_2 
  
 reg usdwtp i.fertsample##c.adulterated_2 i.fertsample##c.lownutrient_2 
i.fertsample##c.expired_2 i.fertsample##c.diff2apply_2, cluster(farmerid) 
 
****Table 9, Effects of Information on WTP (USD)******************************************* 
 
 use "/Users/Anna/Dropbox/Fertilizer Quality in Tanzania/__ master data files/farmer 
survey WTP data/post-cleaning processed data/Anna Stacked with Dummies.dta" 
 
 *Column 1, no controls, no fixed effects 
 reg usdwtp sampleb samplec postinfo intinfob intinfoc, cluster(farmerid) 
 
 *Column 2, control variables 
 *first, generate asset score 
 pca radio tv cell smartphone bike car motorcycle fridge 
 predict pc1, score 
 *xtile land 
 xtile land=totlandown 
 reg usdwtp sampleb samplec postinfo intinfob intinfoc gender ageunder30 age3145 age4660 
highedu expunder10 exp1120 exp2130 cultunder3 cult35 pc1 i.land, cluster(farmerid) 
  
 *Column 3, fixed effects 
 xtset Farmer 
 xtreg usdwtp sampleb samplec postinfo intinfob intinfoc, cluster(farmerid) 
  
****Table 10, Relationship of Mineral Fertilizer from Open Bags and Clumps, Nitrogen Content*** 
  
 use "/Users/Anna/Dropbox/Fertilizer Quality in Tanzania/__ master data files/farmer 
survey WTP data/post-cleaning processed data/combinedsamples_9dec16.dta", clear 
 
 *Column 1, Presence of Clumps 
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 reg clumps openbag  gift i.ferttype 
  
 *Column 2, Standardized Nitrogen Content 
 reg nstand2 i.ferttype##c.openbag gift farmer 
  
  
****Table 11, Relationship of Price and Nitrogen Content************************************** 
 
 use "/Users/Anna/Dropbox/Fertilizer Quality in Tanzania/__ master data files/HM 
processed data files/agro_dealerprocessed.dta", clear 
 reg ppkg nstand2 clumps powder discolor foreign i.Village_encode  i.ferttype i.manu2, 
robust 
 
  
****Table 12, Relationship of Price per kg and Observed Characteristics************************ 
 
 use "/Users/Anna/Dropbox/Fertilizer Quality in Tanzania/__ master data files/farmer 
survey WTP data/post-cleaning processed data/combinedsamples_9dec16.dta", clear 
 reg usdppkg i.ferttype##c.nclumps i.ferttype##c.powder i.ferttype##c.discolor 
i.ferttype##c.foreign farmer if usdppkg<2 
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APPENDIX C: FARMER SURVEY 
UNIQUE FARMER ID: 
DATE OF INTERVIEW: 
 
INTERVIEW START TIME: 
INTERVIEW END TIME: 
FARMER NAME: 
FARMER TELEPHONE NUMBER: 
LOCATION NAME: VILLAGE NAME:  
WARD NAME:  DISTRICT NAME: 
REGION NAME: 
ENUMERATOR: 
REVIEWER: 
DATA ENTRY COMPLETED DATE: DATA ENTRY CLERK: 
UREA FERTILIZER SAMPLE ID: 
 
 
 
 
DAP FERTILIZER SAMPLE ID: 
CAN FERTILIZER SAMPLE ID: 
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1. Demographic information 
 
a) What is the gender of the 
respondent? 
  
0: Male  
1: Female 
 
 
b) What is the respondent’s 
age? 
 
(years) 
c) What is the highest level of education you have 
obtained? 
0: Some Primary 
1: Primary completed 
2: Some Secondary 
3: Secondary completed 
4: Certificate/Trade School 
5: University Diploma 
6: University B.S./B.A. 
7: University M.S./M.A. 
8: University PhD 
9: None applicable 
  
 
 
 
2. Assets  
a) Do you own any of the following goods? 
0: No 
1: Yes 
 
Radio  
Television  
Mobile telephone  
Smartphone  
Bicycle  
Car/truck  
Motorcycle  
Refrigerator  
 
3. Plot Information 
a) For how many 
years have you 
farmed? 
  
(years) 
 
 
b) How much 
TOTAL land do 
you own? 
 
(total acres) 
c) How much land did you cultivate 
in the primary agricultural season? 
 
(total acres) 
d) Of the land that you cultivated in 
the primary agricultural season, how 
much did you own? 
  
(specify acres)   
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4. Agricultural Season Concerns 
Now, I would like you to consider four different aspects of preparing for the agricultural season: the start and duration of the rains, the quality 
of seeds that you purchase, the quality of the mineral fertilizer that you purchase, and finally having the available financing to purchase the 
inputs you need (including seed & fertilizer). I will read the four different options again and then ask you to identify the aspect that concerns 
you most and rank it among the others. 
 
 Rank Concerns: 
1: My primary concern 
2: My secondary concern 
3: My tertiary concern 
4: My last concern 
a) Start and duration of the rains  
b) Purchasing high quality seeds  
c) Purchasing high quality fertilizer  
d) Access to financing for inputs  
 
5. Experience with Mineral Fertilizer & Application 
a) Have you ever 
purchased 
mineral 
fertilizer? 
 
0: No (If no, fill 
question d) 
1: Yes (If yes, 
proceed to b) 
b) Since the 
government subsidy 
NAIVS program 
began in 2008, have 
you ever received a 
NAIVS voucher? 
 
0: No (If no, proceed to d) 
1: Yes (If yes, fill question c) 
c) If yes, did you use 
the voucher to 
purchase fertilizer? 
0: No, I gave it to a 
family 
member/friend/neighbor 
1: No, I sold it to a family 
member/friend/neighbor 
2: Yes, I used the NAIVS 
voucher to purchase the 
fertilizer 
3: Yes, other, specify 
4: No, other, specify 
d) If you have NOT 
purchased fertilizer, 
where are these 
samples from? 
0: Gift from 
family/friend/neighbor 
1: Gift from 
NGO/farmers 
organization 
2: Other, specify 
e) Have you ever 
purchased/received mineral 
fertilizer in a quantity of 
less than 5 kilograms? 
 
0: No 
1: Yes, I have purchased 
2: Yes, I have received  
     
 
f) Have you ever 
purchased/recei
ved mineral 
fertilizer from an 
open bag?  
 
0: No 
1: Yes, I have 
purchased 
2: Yes, I have 
received 
g) Have you ever 
purchased/receive
d mineral fertilizer 
that has been re-
packaged? 
 
0: No 
1: Yes, I have 
purchased 
2: Yes, I have 
received  
h) In what form do you 
TYPICALLY 
purchase/receive your 
mineral fertilizer? 
0: Packaged, closed official 
manufacturer bag  
1: Scooped from an open 
bag 
2: Previously re-packaged 
in an un-official bag 
3: Other, specify 
i) Where do you 
TYPICALLY 
purchase/receive your 
mineral fertilizer? 
0: Input shop  
1. Another farmer 
2: Farmer’s 
organization/NGO 
3: Family/friend/neighbor 
4: Other, specify 
j) How far do you 
TYPICALLY travel to 
purchase/receive your 
mineral fertilizer? 
0: My village 
1: My ward 
2: Outside of my village 
but less than 25 km 
3: Outside of my village 
but less than 50 km 
4: Outside of my village 
but less than 100 km 
5: Morogoro  
6: Ifakara 
7: Other, specify 
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k) If you needed 
to delay payment 
for the mineral 
fertilizer at an 
inputs shop, 
would you be 
able to purchase 
mineral fertilizer 
on credit? 
 
0: No 
1: Yes 
l) Have you 
ever 
purchased 
mineral 
fertilizer at an 
inputs shop 
on credit? 
 
0: No 
1: Yes 
m) In the last 
twelve months, 
how many times 
did you 
purchase/receive 
mineral 
fertilizer?  
 
(Specify number) 
 
n) In the last twelve months, what 
types of mineral fertilizers have you 
purchased/received? (Choose ALL 
that apply) 
0: Urea 
1: NPK 
2: DAP 
3: Minjingu 
4: CAN 
5: SA 
6: Other, specify  
o) Have you ever sold 
mineral fertilizer?  
0: No, I have never sold 
fertilizer 
1: Yes, I have sold/sell 
fertilizer in a shop 
2: Yes, I have sold/sell 
fertilizer informally (not 
via a shop) to my friends 
and neighbors 
   
 
 
i.  
ii. 
iii. 
iv. 
v. 
 
p) Of the years 2014 – 2016, 
which have you applied any type 
of mineral fertilizer on ANY 
crop?  
 
0: No 
1: Yes 
 
q) What technique do you use to apply 
mineral fertilizer to your crops (choose 
ALL that apply)?  
 
0: Broadcasting 
1: Walking rows 
2: In the same hole as the seed, right next it 
3: In the same hole as the seed, but away 
from it 
4: In a different hole as the seed, but away from 
it 
5: In the same hole as the seed, but on top of it 
6: Other, specify 
r) Do you apply mineral fertilizer to your 
crops by hand? 
 
0: No, I use a tool 
1: Yes, I apply mineral fertilizer by hand 
 
2014 2015 2016 
    
6. Crops Grown & Fertilizer Use 
 a) Please list all the crops that you have grown 
since the previous and during the current 
agricultural season. 
Crop code 
0: Maize 
1: Rice 
2: Sugarcane 
3: Beans 
4: Vegetables 
5: Sesame 
6: Sunflower 
7: Cassava 
8: Soya 
9: Groundnuts 
10: Fruits 
11: Other, specify 
b) Please indicate 
which of the crops 
you sold at least 
some portion of 
after the harvest. 
 
0: No, I did not sell 
this crop at harvest 
1: Yes, I sold some 
portion or all of this 
crop at harvest 
c) Did you use fertilizer in the cultivation 
of this crop? 
 
0: No 
1: Yes, mineral fertilizer 
2: Yes, non mineral fertilizer (compost, 
manure) 
3: Yes, BOTH mineral AND non-mineral 
fertilizer 
4: Other, specify. 
 
i.    
ii.    
iii.    
iv.    
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7. Quality of Fertilizer Samples 
 a) What 
type of 
fertilizer is 
this 
sample? 
0: Urea 
1: DAP 
2: CAN 
 
b) On a scale from 1 
to 4, where 1 is very 
low quality and 4 is 
very high quality, 
how would you rate 
the quality of the 
fertilizer you brought 
today? 
1: Very low quality 
2: Low quality 
3: High quality 
4: Very high quality 
c) Did you buy 
this fertilizer? 
 
0: No, proceed to d 
1: Yes, proceed to e 
 
d) Since you did not 
buy this fertilizer, 
how did you acquire 
it? 
0: Gift from 
family/friend/neighbor 
1: Gift from 
NGO/farmers 
organization 
2: Other, specify 
 
e) From where or 
from who did you 
purchase/receive 
the fertilizer?  
0: Input shop  
1. Another farmer 
2: Farmer’s 
organization/NGO 
3: 
Family/friend/neighbor 
4: Other, specify 
f) How did 
you pay for 
it? 
0: Cash 
1: Credit 
2: NAIVS 
Voucher 
3: Other 
voucher 
4: In kind, 
with harvest 
crop 
5: Gift 
6: Other 
UREA       
DAP       
CAN       
 
 g) What was 
the quantity 
of fertilizer 
purchased/ 
received that 
was the 
source of this 
sample? 
 
(Specify kg) 
h) What was the 
total price paid and 
the total quantity of 
fertilizer 
purchased?  
 
(in TZ Sh) 
i) In what form was 
your purchase/gift 
made? 
 
0: Packaged, closed 
official manufacturer 
bag  
1: Scooped from an 
open bag 
2: Previously 
repackaged in an 
unofficial bag 
3: Other, specify 
 
j) Who was the 
manufacturer 
of the 
fertilizer? 
 
0: Yara 
1: TFC 
2: Premium 
Agro 
3: ETG 
4: Minjingu 
5: TATA 
6: FALCON 
7: PARAS 
8: I do not 
remember/I do 
not know 
k) In what 
year did you 
purchase or 
receive this 
fertilizer? 
 
0: 2016 
1: 2015 
2: 2014 
3: Other, 
specify 
 
l) In which 
month did 
you purchase 
or receive this 
fertilizer? 
0: December 
1: January 
2: February 
3: March 
4: April 
5: May 
6: June 
7: July 
8: August  
9: September 
10: October 
11: November 
UREA 
kg Tsh kg 
    
DAP 
kg Tsh kg 
    
CAN 
kg Tsh kg 
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 m) How far did you have to travel 
purchase/receive this fertilizer? 
0: My village 
1: My ward 
2: Outside of my village but less than 25 
km 
3: Outside of my village but less than 50 
km 
4: Outside of my village but less than 100 
km 
5: Morogoro  
6: Ifakara 
7: Other, specify 
n) Previously to buying this fertilizer, 
have you purchased/received fertilizer 
or other goods from this 
individual/store/organization before?  
 
0: No (if no, proceed to p) 
1: Yes (if yes, proceed to o) 
o) How many times in 
the last three years? 
 
Specify number 
UREA    
DAP    
CAN    
 
 p) This 
fertilizer is a 
sample from a 
larger amount 
that you 
purchased or 
received. Did 
you apply any 
of it to your 
crops?   
 
0: No (proceed to 
r) 
1: Yes (proceed 
to q, then r) 
q) If you already applied this fertilizer, 
what crop did you apply it to? 
0: Maize 
1: Rice 
2: Sugarcane 
3: Beans 
4: Vegetables 
5: Seasame 
6: Sunflower 
7: Cassava 
8: Soya 
9: Groundnuts 
10: Fruits 
11: Other, specify 
 r) If there is any 
remaining fertilizer 
from this amount 
that you purchased 
or received do you 
plan to apply it to a 
crop? 
 
0: No (proceed to #8) 
1: Yes (proceed to s) 
s) On which crop do you 
plan to apply it? 
0: Maize 
1: Rice 
2: Sugarcane 
3: Beans 
4: Vegetables 
5: Seasame 
6: Sunflower 
7: Cassava 
8: Soya 
9: Groundnuts 
10: Other, specify  
UREA     
DAP     
CAN     
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8. Assessment of Quality for “Best” and “Worst” Samples  
 
Key - Good Quality   Key – Poor Quality  
0: I have previously used this type of fertilizer  0: I have not yet used this type of fertilizer. 
1: This type of fertilizer has performed well in previous 
growing seasons 
 1: This type of fertilizer has performed poorly in previous 
growing seasons 
2: I have previously used fertilizer from this manufacturer  2: I have not used fertilizer from this manufacturer 
3: I saw this fertilizer perform well in shamba darasa  3: I saw this fertilizer perform poorly in shamba darasa 
4: I checked the expiration date on the bag  4: The fertilizer has expired 
5: I visually inspected the fertilizer   5: I did not visually inspect the fertilizer 
6: I trust the agro-dealer from whom I purchased this 
fertilizer 
 6: I did not trust the agro-dealer from whom I purchased this 
fertilizer 
7: I trust fertilizer from this manufacturer  7: I do not trust fertilizer from this manufacturer 
8: I have not heard any complaints from other farmers about 
this type of fertilizer 
 8: I have heard complaints from other farmers about this type of 
fertilizer 
9: There are no visible caked clumps or discoloration  9: There are visible caked clumps or discoloration 
10: The fertilizer was stored well in the inputs shop.  10: The fertilizer was stored poorly in the inputs shop. 
11: Other, specify  11: Other, specify 
  
You brought me one/two sample/s of mineral fertilizer today. For each sample, I asked you to rank the quality of the fertilizer. Now, I 
would like you to spend a minute with me explaining why you think a good quality sample is good and why you think a poor quality sample 
is poor. I want to learn more about how you assess whether the quality of mineral fertilizer is good or poor. 
8A. Good Quality 8B. Poor Quality 
Key Additional Notes or Comments Key Additional Notes or Comments 
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9. Quality Assessments of Fertilizer Samples 
 
Now, I would like to show you two different 1-kilogram samples of Urea. I will give you one minute to look at the first sample. Please feel free to examine it in whatever way you 
see fit. Then, I will ask you some questions about the sample. Afterwards, we will repeat the same exercise for a second sample of 1 kg of Urea. Please keep your comments and 
reactions between yourself and me. Please do not share your comments and reactions with any other participants. Let’s start with the first sample of Urea. 
 
SAMPLE A 
9.1 For the sample you have just examined, please tell me for each characteristic listed below, how strongly you agree or do not agree with the 
following statements.  
 a) How strongly do you agree or 
do not agree that this sample has 
the following characteristics? 
0: Strongly disagree 
1: Disagree 
2: Agree 
3: Strongly agree 
i) This sample is adulterated with substances like salt, sand, concrete, or pebbles? 
 
ii) This sample has a nutrient content that is less than what is advertised (46% 
nitrogen)? 
 
iii) This sample is past the expiration date marked on the manufacturer’s bag?  
iv) Urea fertilizer with the quality of this sample can be easily applied to your shamba? 
 
v) Application of Urea fertilizer of the quality of this sample increases your crop production? 
 
vi) Application of Urea fertilizer with the quality of this sample will burn or harm your 
shamba’s soil? 
 
vii) Application of Urea fertilizer with the quality of this sample will cause the leaves 
of your crop to yellow? 
 
 
9.2  
a) Have you 
ever purchased 
or received 
mineral 
fertilizer that 
looks like this 
sample? 
0: No 
1: Yes, I have 
purchased 
2: Yes, I have 
received 
b) Please 
assess the 
quality of 
this sample. 
 
0: Extremely 
poor quality 
1: Poor quality 
2: Good 
quality 
3: Extremely 
good quality 
c) Assume you need to buy 1 kilogram of 
UREA and you have the funds you need to 
purchase it. What is the likelihood you would 
buy fertilizer of this sample’s quality to use on 
your crop? 
 
0: Extremely unlikely 
1: Unlikely 
2: Likely 
3: Extremely likely 
d) Please continue to assume that you need to buy 
1 kilogram of Urea, you have the funds you needed 
to purchase it, and the quality of the Urea is the 
same as this sample. What is the highest price you 
would be willing to pay for the 1 kilogram of Urea? 
 
Enumerator: Please explain to respondent that this 
price is not what they think the Urea would cost, just 
what the Urea is worth to the farmer. Also, if the 
farmer is not willing to buy the Urea, then the farmer 
would indicate 0 Tsh.  
(Specify in TSh) 
    
 
 
9.3 
a) Please tell me how you determined the quality 
of this Urea sample.  
 
0: I did not use this method 
1: I used this method 
b) Do these methods reflect the 
way that you assess the quality of 
mineral fertilizer that you see in 
agro-dealer shops or that you 
purchase? 
 
0: No (If no, continue to 9.3.c) 
1: Yes (If yes, continue to 9.4) 
c) Why don’t these methods reflect the way 
that you assess mineral fertilizer quality? In 
general, what other information do you use?  
0: Storage conditions 
1: Condition of bag 
2: Agro-dealer location 
3: Trust in agro-dealer 
4: Trust in manufacturer 
5: Other, specify 
i) Visual inspection    
ii) By touch 
 
iii) By taste  
iv) By color  
v) By presence/absence of 
clumps 
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Next, please take one minute to examine the second Urea sample.  
 
SAMPLE B 
 
9.4 For the sample you have just examined, please tell me how strongly you agree or do not agree with the following 
statements.  
 a) How strongly do you 
agree or do not agree that 
this sample has the 
following characteristics? 
0: Strongly disagree 
1: Disagree 
2: Agree 
3: Strongly agree 
i) This sample is adulterated with substances like salt, sand, concrete, or pebbles? 
 
ii) This sample has a nutrient content that is less than what is advertised (46% nitrogen)? 
 
iii) This sample is past the expiration date marked on the manufacturer’s bag? 
 
iv) Urea fertilizer with the quality of this sample can be easily applied to your shamba? 
 
v) Application of Urea fertilizer of the quality of this sample increases your crop production? 
 
vi) Application of Urea fertilizer with the quality of this sample will burn or harm your 
shamba’s soil? 
 
vii) Application of Urea fertilizer with the quality of this sample will cause the leaves of your 
crop to yellow? 
 
 
9.5 
a) Have you ever 
purchased or 
received mineral 
fertilizer that 
looks like this 
sample? 
0: No 
1: Yes, I have 
purchased 
2: Yes, I have 
received 
b) Please assess the 
quality of this sample. 
 
0: Extremely poor quality 
1: Poor quality 
2: Good quality 
3: Extremely good quality 
c) Assume you need to buy 1 kilogram 
of UREA and you have the funds you 
need to purchase it. What is the 
likelihood you would buy fertilizer of 
this sample’s quality to use on your 
crop? 
0: Extremely unlikely 
1: Unlikely 
2: Likely 
3: Extremely likely 
d) Please continue to assume that you need to 
buy 1 kilogram of Urea, you have the funds you 
need to purchase it, and the quality of the Urea 
is the same as this sample. What is the highest 
price you would be willing to pay for the 1 
kilogram of Urea? 
Enumerator: Please explain to respondent that this 
price is not what they think the Urea would cost, just 
what the Urea is worth to the farmer. Also, if the 
farmer is not willing to buy the Urea, then the farmer 
would indicate 0 Tsh.  
(Specify in TSh) 
    
 
 
9.6 
a) Please tell me how you determined the quality of this Urea 
sample.  
 
0: I did not use this method 
1: I used this method 
i) Visual inspection  
ii) By touch  
iii) By taste  
iv) By color  
v) By presence/absence of 
clumps 
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Next, please take one minute to examine the final Urea sample.  
 
SAMPLE C 
 
9.4 For the sample you have just examined, please tell me how strongly you agree or do not agree with the following 
statements.  
 a) How strongly do you 
agree or do not agree that 
this sample has the 
following characteristics? 
0: Strongly disagree 
1: Disagree 
2: Agree 
3: Strongly agree 
i) This sample is adulterated with substances like salt, sand, concrete, or pebbles? 
 
ii) This sample has a nutrient content that is less than what is advertised (46% nitrogen)? 
 
iii) This sample is past the expiration date marked on the manufacturer’s bag? 
 
iv) Urea fertilizer with the quality of this sample can be easily applied to your shamba? 
 
v) Application of Urea fertilizer of the quality of this sample increases your crop production? 
 
vi) Application of Urea fertilizer with the quality of this sample will burn or harm your 
shamba’s soil? 
 
vii) Application of Urea fertilizer with the quality of this sample will cause the leaves of your 
crop to yellow? 
 
 
9.5 
a) Have you ever 
purchased or 
received mineral 
fertilizer that 
looks like this 
sample? 
0: No 
1: Yes, I have 
purchased 
2: Yes, I have 
received 
b) Please assess the 
quality of this sample. 
 
0: Extremely poor quality 
1: Poor quality 
2: Good quality 
3: Extremely good quality 
c) Assume you need to buy 1 kilogram 
of UREA and you have the funds you 
need to purchase it. What is the 
likelihood you would buy fertilizer of 
this sample’s quality to use on your 
crop? 
0: Extremely unlikely 
1: Unlikely 
2: Likely 
3: Extremely likely 
d) Please continue to assume that you need to 
buy 1 kilogram of Urea, you have the funds you 
need to purchase it, and the quality of the Urea 
is the same as this sample. What is the highest 
price you would be willing to pay for the 1 
kilogram of Urea? 
Enumerator: Please explain to respondent that this 
price is not what they think the Urea would cost, just 
what the Urea is worth to the farmer. Also, if the 
farmer is not willing to buy the Urea, then the farmer 
would indicate 0 Tsh.  
(Specify in TSh) 
    
 
 
9.6 
a) Please tell me how you determined the quality of this Urea sample.  
 
 
0: I did not use this method 
1: I used this method 
i) Visual inspection  
ii) By touch  
iii) By taste  
iv) By color  
v) By presence/absence of clumps  
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9.7 Let’s continue to consider the two samples of Urea. Now, I would like to provide you with information on the nutrient and moisture content of these 
fertilizer samples. Fertilizers, including Urea, have nutrient and moisture standards that ensure that the fertilizer will improve soil fertility and help the crops 
to grow. For example, in Urea, the most important element is Nitrogen and samples of Urea should contain 46% Nitrogen. Also, Urea should not have 
moisture content greater than 1%. We tested the nutrient and moisture content of these Urea samples to ensure that they meet industry and national 
standards. We tested the fertilizer samples at a laboratory in Florida, USA. This particular laboratory tests the nutrient and moisture content of fertilizers 
for farmers and agricultural companies in the United States. We have the results of those tests and would like to share them with you. Please see the 
laboratory results sheets for each sample and I will explain the results. 
 
Sample A: This  sample  has  a  Nitrogen content  o f  46.48% and a mois ture  content  l e s s  than 0.04%. Accord ing  
to  the  r e su l t s  f rom the  laboratory ,  th i s  sample  mee t s  industry  s tandards  and when appl i ed  corr e c t l y ,  w i l l  improve  
so i l  f e r t i l i t y  and he lp  c rops  grow.  
Given what you now know about the scientific results for the nutrient and moisture content of this sample of Urea, please consider the following: 
9.7 
a) Please assess the quality of this 
sample. 
 
0: Extremely poor quality 
1: Poor quality 
2: Good quality 
3: Extremely good quality 
b) Assume you need to buy 1 kilogram 
of UREA and you have the funds you 
need to purchase it. What is the 
likelihood you would buy fertilizer of 
this sample’s quality to use on your 
crop? 
0: Extremely unlikely 
1: Unlikely 
2: Likely 
3: Extremely likely 
 
c) Please continue to assume that you need to buy 
1 kilogram of Urea, you have the funds you need to 
purchase it, and the quality of the Urea is the same 
as this sample. What is the highest price you 
would be willing to pay for the 1 kilogram of Urea? 
Enumerator: Please explain to respondent that this 
price is not what they think the Urea would cost, just 
what the Urea is worth to the farmer. Also, if the 
farmer is not willing to buy the Urea, then the farmer 
would indicate 0 Tsh.  
 (Specify in TSh) 
   
 
 
Sample B:  This  sample  has  a  Nitrogen content  o f  46.42% and a mois ture  content  o f  0 .03%. Accord ing  to  the  
r e su l t s  f rom the  laboratory ,  th i s  sample  mee t s  industry  s tandards  and when appl i ed  corr e c t l y ,  w i l l  improve  so i l  
f e r t i l i t y  and he lp  c rops  grow. 
Given what you now know about the scientific results for the nutrient and moisture content of this sample of Urea, please consider the following: 
9.8 
a) Please assess the quality of this 
sample. 
 
0: Extremely poor quality 
1: Poor quality 
2: Good quality 
3: Extremely good quality 
b) Assume you need to buy 1 kilogram 
of UREA and you have the funds you 
need to purchase it. What is the 
likelihood you would buy fertilizer of 
this sample’s quality to use on your 
crop? 
0: Extremely unlikely 
1: Unlikely 
2: Likely 
3: Extremely likely 
 
c) Please continue to assume that you need to buy 
1 kilogram of Urea, you have the funds you needed 
to purchase it, and the quality of the Urea is the 
same as this sample. What is the highest price you 
would be willing to pay for the 1 kilogram of Urea? 
Enumerator: Please explain to respondent that this 
price is not what they think the Urea would cost, just 
what the Urea is worth to the farmer. Also, if the 
farmer is not willing to buy the Urea, then the farmer 
would indicate 0 Tsh.  
 (Specify in TSh) 
   
 
 
 
Sample C:  This  sample  has  a  Nitrogen content  o f  46.27% and a mois ture  content  o f  0 .22%. Accord ing  to  the  
r e su l t s  f rom the  laboratory ,  th i s  sample  mee t s  industry  s tandards  and when appl i ed  corr e c t l y ,  w i l l  improve  so i l  
f e r t i l i t y  and he lp  c rops  grow.  
Given what you now know about the scientific results for the nutrient and moisture content of this sample of Urea, please consider the following: 
9.9 
a) Please assess the quality of this 
sample. 
 
0: Extremely poor quality 
1: Poor quality 
2: Good quality 
3: Extremely good quality 
b) Assume you need to buy 1 kilogram 
of UREA and you have the funds you 
need to purchase it. What is the 
likelihood you would buy fertilizer of 
this sample’s quality to use on your 
crop? 
 
0: Extremely unlikely 
1: Unlikely 
2: Likely 
3: Extremely likely 
c) Please continue to assume that you need to buy 
1 kilogram of Urea, you have the funds you needed 
to purchase it, and the quality of the Urea is the 
same as this sample. What is the highest price you 
would be willing to pay for the 1 kilogram of Urea? 
Enumerator: Please explain to respondent that this 
price is not what they think the Urea would cost, just 
what the Urea is worth to the farmer. Also, if the 
farmer is not willing to buy the Urea, then the farmer 
would indicate 0 Tsh.  
 (Specify in TSh) 
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9.9.1 
a) To what extent do you believe the credibility of the 
lab results? 
 
0: Extremely non-credible 
1: Non-credible 
2: Credible 
3: Extremely credible 
 
 
10. Quality Assessment of Hypothetical Fertilizer Sample 
Now that we have considered two actual samples of Urea, I would like us to think about a NEW and DIFFERENT hypothetical sample 
of Urea. I will describe various characteristics of the Urea sample and afterwards ask you a few questions. Consider once more that you 
need to buy 1 kilogram of Urea and that you have the money you need to purchase it. You want to apply this 1 
kilogram of Urea to a plot that you own.  
 
The Urea that you consider buying has a price of 3000 TSH.  The 1 kilogram of Urea is IN A CLOSED 
MANUFACTURER BAG. You can tell from looking at the Urea you are purchasing that there ARE NOT caked 
clumps of Urea. You purchase this Urea from an agro-dealer in YOUR VILLAGE. 
 
a) Please assess the quality of this sample. 
 
0: Extremely poor quality 
1: Poor quality 
2: Good quality 
3: Extremely good quality 
b) What is the likelihood you would buy fertilizer with the 
previous characteristics to use on your crop? 
 0: Extremely unlikely 
1: Unlikely 
2: Likely 
3: Extremely likely 
  
 
11. Assessment of Market-level Fertilizer Quality 
11A – 11C: For each of the mineral fertilizer quality concerns described below, please indicate how big of a concern it is 
for you and whether you have ever purchased mineral fertilizer with this problem. 
 a) How big of a concern is this 
issue (rows i-vi) for you? 
0: Not a problem 
1: A very big problem, affecting a 
majority of the fertilizer in the market 
2: Somewhat of a problem, affecting 
about half of the fertilizer in the 
market 
3: A little bit of the problem, affecting 
fewer than half of the fertilizer in the 
market 
b) Have you ever 
purchased/received 
mineral fertilizer 
that had this 
problem (rows i-vi)? 
 
0: No 
1: Yes 
c) Do you have a 
family member, 
friend, or neighbor 
who has ever 
purchased/received 
mineral fertilizer 
with this problem 
(rows i-vi)? 
 
0: No 
1: Yes 
i) Mineral fertilizer can be adulterated—
mixed with other substances like salt, 
sand, concrete, or pebbles 
   
ii) Mineral fertilizer can be too old or 
expired    
iii) Mineral fertilizer can have a nutrient 
content that is different from what is 
advertised 
   
iv) Mineral fertilizer may poison my 
shamba’s soil 
   
v) Mineral fertilizer may ruin my crops 
or cause them to yellow    
vi) Mineral fertilizer can be caked and 
clumpy from moisture  
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11D- 11F: Application of fertilizer with caked clumps  
 
d) Suppose you have fertilizer that you 
have purchased or that has been given 
to you and it has clumps in it like the 
sample that we showed you. What 
would you do with the fertilizer? 
 
0: I would not apply any of the fertilizer to 
my crop. (Proceed to e) 
1: I would apply only the non-clumped 
fertilizer and discard the clumps. (Proceed to 
e) 
2: I would apply all without taking action 
to break the clumps. (Proceed to d) 
3: I would apply all but I would try to 
break up the clumps. (Proceed to d & e) 
 
e) If you wanted to break up the 
clumps, how would you do it? 
 
0: By hand 
1: Using a tool, like a hammer or bottle 
2: By hand & by using a tool 
f) What is the biggest size clump you 
would apply to your plot? 
 
0: I do not apply clumps. 
1: The size of a grain of maize 
2: The size of a bottle cap 
3: The size of a lime 
4: The size of an avocado 
   
 
 
11G – 11I For each characteristic listed below, which is MORE LIKELY to result in the purchase of POOR quality 
fertilizer:  
 
11G. Purchasing a small quantity (2 
kg) from an open bag VERSUS 
purchasing a whole 50 kg bag: 
 
0: The same quality 
1: The 2kg purchased from an open bag is 
more likely to have quality problems 
2: The whole 50 kg bag is more likely to 
have quality problems 
11H. Purchasing from a seller in my 
village VERSUS a seller in Morogoro 
town: 
 
0: The same quality 
1: The fertilizer from the seller in my 
village is more likely to have quality 
problems 
2: The fertilizer from the seller in 
Morogoro town is more likely to have 
quality problems 
11I. Purchasing higher priced vs. lower 
priced fertilizer: 
 
0: The same quality 
1: The LOW price fertilizer is more likely 
to have quality problems 
2: The HIGH price fertilizer is more likely 
to have quality problems 
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APPENDIX D: AGRO-DEALER SURVEY 
Agro-dealer Survey: Individual Competition and Characteristics 
Interview only inputs dealers and individuals who sell at least one type of mineral fertilizer (e.g., Urea, Minjingu, etc.). It is important to speak with the 
person who understands how this business operates and who regularly manages the affairs of the business in this market. This person will likely be the business 
owner or co-owner / co-operator (e.g., spouse or family member). 
  
Oral Consent 
Thank you for your willingness to participate in our study. The goal of this study is to understand how fertilizer markets work within 
this community and to understand the challenges that you face as an inputs dealer. We are specifically interested in learning about: 
 
• Your career as an inputs dealer and the conditions of markets where you operate 
• How you run your business 
• How you assess the quality of your fertilizer   
 
The interview will take approximately 45 minutes.  There is no direct benefit to you for participating in this survey. However, this 
survey can help us to understand how markets operate in this area. 
 
You may ask questions now or anytime during the interview. All the information you give will be strictly  confidential. Your name will 
not be associated with any of your responses or given to anyone outside our project. Please answer questions honestly. If you do not 
know an answer, that is ok. Please tell us you do not know the answer. If you would rather not answer any questions, just say so. You 
may opt out of this interview at any time you wish. Your cooperation is greatly appreciated, as it will help us to understand the 
problems of markets in this area. Do you have any questions for me? May we proceed with the interview? 
 
INTERVIEW DATE: 
 
START TIME: END TIME: 
LOCATION NAME: VILLAGE NAME:  
DISTRICT NAME: REGION NAME: 
BUSINESS NAME: 
RESPONDENT NAME: RESPONDENT CONTACT NUMBER: 
FACILITY TYPE (circle):  
 
Sells agricultural inputs only 
 
 
Sells non-agricultural items and fertilizer 
GPS COORDINATES 
 
Latitude: 
 
Longitude: 
 
Elevation: 
INTERVIEWER:  
REVIEWER: 
DATA ENTRY COMPLETED DATE: DATA ENTRY CLERK: 
UNIQUE LOCATION ID: 
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I. ADDITIONAL BUSINESS LOCATIONS 
 
1. Please determine whether the owner of the business owns any other businesses that sell fertilizer and their locations.  
 a) Does the 
owner of 
this 
business 
own any 
other 
businesses 
or locations 
that sell 
fertilizer? 
 
0: No 
1: Yes 
b) Type 
of 
Business  
 
0: 
Permanent 
1: 
Seasonal 
2: Mobile 
3: Other, 
specify 
c) Please 
list the 
name(s) of 
any other 
fertilizer 
business(es) 
owned by 
the owner 
of this 
location 
d) Address e) Contact 
Name 
f) Contact’s 
Mobile 
Number i. 
Location 
ii. 
Village 
iii. 
District 
iv. 
Region 
i.          
ii.          
iii.          
 
II. INPUT DEALER CHARACTERISTICS 
 
2. Please tell us some basic information about you and your business. Enumerator Note: If the interviewee is an 
employee and NOT the owner, please ask the respondent to answer these questions for him/herself. 
a) What is your 
relationship to the 
business owner? 
0: Owner 
1: Non-relative 
employee 
2: Non-relative 
manager 
3: Owner’s Spouse 
4: Owner’s Relative 
(specify)  
b) Gender: 
  
0: Male  
1: Female 
 
 
c) What is 
your age? 
(years) 
d) What is the highest level 
of education you have 
obtained? 
0: Primary 
1: Secondary 
2: Certificate/Trade School 
3: University Diploma 
4: University B.S./B.A. 
5: University M.S./M.A. 
6: University PhD 
e) Please tell me 
the number of 
years this 
business has 
been selling 
mineral 
fertilizer. (years) 
f) Please tell 
me the number 
of years that 
this business 
has been 
located here. 
(years) 
   
 
   
 
 
g) Does this 
business sell 
fertilizer every 
month of the 
year? (If yes, skip 
to i) 
 
0) No 
1) Yes 
h) What months of 
the year does this 
business sell 
fertilizer? 
0: December 
1: January 
2: February 
3: March 
4: April 
5: May 
6: June 
7: July 
8: August  
9: September 
10: October 
11: November  
i) Does this business 
have a TFRA license to 
sell fertilizer? 
 
0: No 
1: Yes 
j) Is this business 
owned by the 
government or an 
individual? 
 
0: Government 
1: Individual 
2: Other, specify 
k) Are you a CNFA/ 
TAGMARK member? 
 
0: No 
1: Yes 
 
     
   77 
 
3. Please consider the assets used by this retail location for bus iness  ac t iv i t i e s . Does the business (owner or manager) 
own or rent any of the following assets?  
 a) Indicate whether the dealer owns 
this asset: 
0: No 
1: Yes 
b) Indicate whether the dealer rents this asset 
from others: 
0: No 
1: Yes 
i. Mobile phone   
ii. Smartphone   
iii. Computer    
iv. Pickup truck   
v. Motor bike   
vi. Car   
 
4. Please tell us about your storage facility for your fertilizer, including type, capacity, and characteristics:  
   c) If facility does/does not have item, specify 
0: No 1: Yes 2: Some, but not all 
 
 a) Where do you 
store your stock of 
fertilizer?  
0: Current retail 
location/shop 
1: Personal home 
2: Another shop 
3: Personal 
warehouse 
4: Rented warehouse 
5: Other, specify 
b) What is 
your storage 
capacity at 
each 
location?  
(circle: KGs / 
MTs) 
i. T
in R
oof  
ii. C
oncrete F
loor 
iii. Inventory stored on 
pallets 
iv. Inventory stored on 
shelving 
v. F
an ventilation 
vi. C
lim
ate C
ontrolled (air 
con) 
d) What is your total 
current stock of fertilizer? 
(This should be the amount 
at the time of the interview 
AND the amount of total 
stock at ALL storage 
locations) 
(circle: KGs / MTs) 
i.   kg - mt 
       
 
 
 
 
kg    –    mt  
ii.   kg - mt 
      
iii.   kg – mt  
      
 
III. SALES CHARACTERISTICS 
ENUMERATOR NOTE: Please ask the vendor to answer the following sales questions about the lo ca t ion o f  the  in t erv i ew on ly . 
5. Please tell me whether you ever sell the following fertilizers: Urea, NPK, DAP, Minjingu, Can.  
 a) Have you ever 
sold the following 
fertilizers? 
0: No 
1: Yes 
b) Is this fertilizer currently 
in stock? (If no, proceed to 
c) 
0: No 
1: Yes 
c) When was the 
last year that 
you sold this 
fertilizer? 
(Specify year) 
d) When is the next 
year that you will sell 
this fertilizer? 
(Specify year) 
i. Urea   
   
ii. NPK     
iii. DAP     
iv. Minjingu     
v. CAN     
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6. Does this retail location/store have an exclusive relationship with a particular manufacturer of fertilizer? 
 a) Does this 
location have 
an exclusive 
partnership 
with a 
fertilizer 
manufacturer? 
0: No 
1: Yes 
b) Which manufacturer does 
this location partner with?   
0: Yara 
1: TFC (Tanzania Fertilizer 
Company) 
2: Premium Agro 
3: ETG (Export Trading 
Group) 
4: Minjingu 
5: Other, specify 
c) What type of fertilizer does 
this manufacturer supply? 
0: Urea 
1: NPK 
2: DAP 
3: Minjingu 
4: CAN 
5: Other 
d) What percent of your stock of 
fertilizer comes from this 
manufacturer? 
 
(Specify percent) 
i.          
ii.          
iii.          
 
7. Please tell me the types of fertilizer that you sell at this location. Of the types of fertilizer sold, please tell me the 
manufacturer(s) and the total quantity sold annually. What is the quantity of UREA, NPK blends, DAP, Minjingu, and 
CAN that you have sold in 2014? 
 
a) 
Mark 
if Sold 
 
0: No 
1: Yes 
b) Manufacturer 
1 
0: Yara 
1: TFC 
2: Premium 
Agro 
3: ETG 
4: Minjingu 
5: Other, 
specify 
c) Manufacturer 
2 
0: Yara 
1: TFC 
2: Premium 
Agro 
3: ETG 
4: Minjingu 
5: Other, 
specify 
d) Manufacturer 
3 
0: Yara 
1: TFC 
2: Premium 
Agro 
3: ETG 
4: Minjingu 
5: Other, 
specify 
e) Total 
quantity of 
fertilizer 
sold during 
2014.  
 
(circle kg or 
mt) 
f) Quantity 
of each fertilizer 
sold during 2014. 
(circle kg OR mt) 
i. Urea      
 
 
 
 
 
 
 
kg – mt 
kg   - mt 
ii. NPK     kg   - mt 
iii. DAP     kg   - mt 
iv. Minjingu      kg   - mt 
v. CAN     kg   - mt 
vi. Other, 
specify: 
    kg   - mt 
vii. Other, 
specify: 
    kg   - mt 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8. Among the following groups of people, please tell me who buys your fertilizer? Who buys the most? Do you provide 
your customers with credit?  
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a) Mark 
if group 
buys 
fertilizer 
 
0: No 
1: Yes 
b) Of the groups you 
mentioned, which group 
do you sell the largest 
amount of fertilizer to? 
0: Small-scale farmers 
1: Large-scale farmers 
2: Farmers’ organizations 
3: Other agro-dealers 
c) Of the groups you 
mentioned, do you allow 
for individuals to 
purchase fertilizer on 
credit? 
(If yes, proceed to d) 
 
0: No 
1: Yes 
d) If yes, how do your 
customers repay you? 
 
0: Cash 
1: In-kind with harvested 
grains 
2: Other, specify 
i. Small scale 
farmers 
    
ii. Large scale 
farmers 
   
iii. Farmer 
organizations 
   
iv. Other 
agro-dealers 
   
 
 
IV. FERTILIZER SUPPLY CHARACTERISTICS 
 
9. Please give the names of the suppliers from whom you have purchased UREA, NPK, DAP, and Minjingu during the 
past year.  
 
  Who supplies this manufacturer’s fertilizer?      
 a) What 
fertilizer 
manufacturers 
do you receive 
fertilizer 
from? 
 
0: Yara 
1: TFC 
2: Premium 
Agro 
3: ETG 
4: Minjingu 
5: Other, 
specify 
 
b) Name of Supplier c) Type of 
supplier 
 
0: 
Wholesaler 
1: Retailer 
2: Other, 
specify 
d) Supplier 
Location 
 
(Specify city) 
e) In what 
months of the 
year did you buy 
from this 
supplier in the 
last 12 months? 
0: December 
1: January 
2: February 
3: March 
4: April 
5: May 
6: June 
7: July 
8: August  
9: September 
10: October 
11: November  
f) What 
percent of 
your 
fertilizer 
purchases 
occur 
from this 
supplier? 
 
(Specify in 
%) 
g) Does 
this 
supplier 
provide 
you with 
credit? 
 
0: No 
1: Yes 
h) What 
types of 
fertilizer 
do you 
acquire 
from this 
supplier? 
 
0: Urea 
1: NPK 
2: DAP 
3: 
Minjingu 
4: CAN 
5: Other, 
specify 
i.            
ii.            
iii.            
iv.            
 
 
 
 
 
 
 
V. Fertilizer Quality 
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10. Now, I will ask you some questions about fertilizer quality. Please tell me how you would characterize HIGH quality 
fertilizer. 
 
Enumerator Note: Please ask the participant to answer the questions freely.  
 
Characteristics of Quality  
0: Bag weight 2: Labeling on package  4: Trust in manufacturer 
1: Condition of package 3: Trust in supplier 5: Other, specify 
   
Specify reasons from key and/or additional comments 
Key Additional Notes or Comments 
 
 
 
 
  
 
  
 
  
 
 
11. Please tell me how you would characterize LOW quality fertilizer. 
 
Enumerator Note: Please ask the participant to answer the questions freely.  
 
Characteristics of Quality  
0: Bag is underweight 2: Labeling on package is inaccurate or unclear  4: Distrust in manufacturer 
1: Condition of package is 
poor 
3: Distrust in supplier 5: Other, specify 
   
Specify reasons from key and/or additional comments 
Key Additional Notes or Comments 
 
 
 
 
  
 
  
 
  
 
 
 
 
12. For each of the mineral fertilizer quality concerns described below, please indicate how big of a concern it is for you 
and whether you have ever purchased mineral fertilizer with this problem. 
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Enumerator Note: Please read options i-iv to the participant. For each option, ask how big of a concern it is and 
whether he/she has ever purchased mineral fertilizer with that problem before. 
 
 a) How big of a concern is this issue 
(rows i-v) for you? 
0: Not a problem 
1: A very big problem, affecting a majority 
of the fertilizer in the market 
2: Somewhat of a problem, affecting 
about half of the fertilizer in the market 
3: A little bit of the problem, affecting 
fewer than half of the fertilizer in the 
market 
b) Have you ever purchased mineral 
fertilizer that had this problem (rows i-
v)? 
 
0: No 
1: Yes 
i) Fertilizer can be adulterated—mixed 
with other substances like salt, sand, 
concrete, or pebbles 
  
ii) Fertilizer can be caked and clumpy from 
moisture 
  
iii) Fertilizer can be too old   
iv) Fertilizer can have a nutrient content 
that is different from what is advertised 
  
v) What other types of quality concerns do 
you have about mineral fertilizer?  
 
Specify here:  
  
 
13. How do you ensure that the quality of mineral fertilizer is good BEFORE you purchase it from a supplier or 
APPLY it to your field? 
Enumerator Note: Please ask the participant to answer the questions freely.  
Ensuring Quality  
0: Visual Inspection 2: By looking at storage conditions in shop 4: By checking date and 
label on bag 
1: By touch 3: By only purchasing from trusted agro-dealers 5: Other, specify 
   
Specify reasons from key and/or additional comments 
Key Additional Notes or Comments 
 
 
 
 
  
 
  
 
  
 
VI. Identification of Other Agro-dealers 
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14. Enumerator Note:  At the end of the interview, ask the inputs dealer if he/she would mind providing us with 
additional contacts (and mobile numbers, if possible) for competitors (any inputs dealer who sells fertilizer at a similar 
level as him/her). 
 
 a) Type of 
Business 
 
0: Permanent 
1: Seasonal 
2: Mobile 
3: Other, 
specify 
b) Address c) Contact Name d) Contact’s Mobile 
Number 
i. 
Location 
ii. Village iii. 
District 
iv. Region 
i.        
ii.        
iii.        
iv.        
v.        
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VII. FACILITY CHARACTERISTICS (to be filled by enumerator) 
 
15. Fill out the appropriate questions based on the type of facility you have surveyed. 
 
a) Type of business  0: Permanent 
1: Seasonal 
2: Mobile 
 
b) The business has a tin roof 0: No 
1: Yes 
 
c) Is the inventory visible? 0: No 
1: Yes 
2: Some inventory is visible, but not 
all 
3: No, because there is no inventory 
 
d) Is the inventory stored on a 
concrete floor? 
0: No 
1: Yes 
2: Some, but not all 
3: Inventory is not visible 
4: No, because there is no inventory 
 
e) Is the inventory stored on 
shelving? 
0: No 
1: Yes 
2: Some, but not all 
3: Inventory is not visible 
4: No, because there is no inventory 
 
f) Is the inventory stored on pallets? 0: No 
1: Yes 
2: Some, but not all 
3: Inventory is not visible 
4. No, because there is no inventory 
 
g) Are there previously opened bags 
of fertilizer visible? 
0: No 
1: Yes 
2: Inventory is not visible 
3: No, because there is no inventory 
 
h) Is there CNFA/TAGMARK 
certification displayed? 
0: No 
1: Yes 
 
i) Does the facility have a sign/signs 
outside for advertising purposes? 
0: No 
1: Yes 
 
j) What kind of system does the 
business use to keep track of sales 
transactions? 
0: Manual system 
1: Computer 
2: Mobile phone 
 
k) How many total employees 
(excluding the owner) were 
working?   
Specify Number  
l) How many customers present? Specify Number during length of 
interview 
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APPENDIX E: AGRO-DEALER FERTILIZER INTAKE FORM 
UNIQUE LOCATION ID: 
DATE SAMPLE PURCHASED: 
 
TIME SAMPLE PURCHASED: 
END TIME: 
SHOP NAME: 
LOCATION NAME: VILLAGE NAME:  
DISTRICT NAME:  REGION NAME: 
BUSINESS TYPE (circle):  
 
Sells agricultural inputs only 
 
 
 
Sells non-agricultural items 
GPS COORDINATES 
Latitude: 
 
Longitude: 
 
Elevation: 
 
ENUMERATOR: 
REVIEWER: 
 DATA ENTRY COMPLETED DATE: DATA ENTRY CLERK: 
UNIQUE SAMPLE IDS OPENED BAGS: 
 
  
UNIQUE SAMPLE IDS CLOSED BAGS: 
 
 
UREA UREA 
DAP DAP 
CAN CAN 
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UREA 
 
1. Were you 
able to 
purchase 
UREA? 
 
0: No 
1: Yes 
2: Yes, but a 
community 
member 
made the 
purchase on 
our behalf 
 
 
 
2. Who was this 
fertilizer purchased 
from? 
 
0: Owner/employee at 
an agricultural inputs 
shop 
1: Owner/employee at a 
store that does NOT 
sell agricultural inputs 
2: Individual home, ag-
extension agent 
3: Individual home, 
non-ag-extension agent 
 
 3. What was the quantity of 
UREA purchased? 
 
0: 1 kilogram from a sealed, 
manufacturer bag 
1: 1 kg scooped from an open bag 
or in a bag repackaged by the 
seller 
2: 2 kg from a sealed, 
manufacturer bag 
3: 2 kg scooped from an open bag 
or in a bag repackaged by the 
seller  
4: 5 kilograms 
5: 10 kilograms 
6: 25 kilograms 
7: 50 kilograms 
8: Other, specify 
4. What was the 
total price paid for 
the entire quantity 
of UREA that you 
purchased?  
 
(in TZ Sh) 
 
 
5. Who was the 
manufacturer 
of the UREA? 
 
0: Yara 
1: TFC 
2: Premium 
Agro 
3: ETG 
4: Other, specify 
     
 
 
6. In what form was your 
purchase made? (If 
scooped from open bag, 
proceed to 6a) 
 
0: Packaged, closed bag 
from manufacturer 
1: Scooped from an open 
bag 
2: Previously repackaged in 
an unofficial bag 
6a. Did the agro-dealer 
agitate the bag of 
fertilizer prior to 
scooping? 
 
0: No 
1: Yes 
 
7. Did you try to 
purchase 1 or 2kgs from a 
previously opened bag? 
(If yes, proceed to 6a. If 
no, skip to 7.) 
 
0: No 
1: Yes 
 
7a. Were you successful 
in purchasing 1-2 kgs of 
fertilizer from a 
previously opened bag? 
(If yes, proceed to 9; if 
no, proceed to 8) 
 
0: No 
1: Yes 
    
 
8. Did the seller tell you that 
he/she never sells 1-2 kgs of 
fertilizer from a previously opened 
bag?  
 
0: No 
1: Yes  
 
8a. Did the seller tell you that he/she 
was unwilling to sell you 1-2 kgs of 
fertilizer from a previously opened bag? 
 
0: No 
1: Yes 
 
9. Did the transaction occur 
in front of you? 
 
0: No 
1: Yes 
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DAP 
 
1. Were you 
able to 
purchase 
DAP? 
 
0: No 
1: Yes 
2: Yes, but a 
community 
member 
made the 
purchase on 
our behalf 
 
 
 
2. Who was this 
fertilizer purchased 
from? 
 
0: Owner/employee at 
an agricultural inputs 
shop 
1: Owner/employee at a 
store that does NOT 
sell agricultural inputs 
2: Individual home, ag-
extension agent 
3: Individual home, 
non-ag-extension agent 
 
 3. What was the quantity of 
DAP purchased? 
 
0: 1 kilogram from a sealed, 
manufacturer bag 
1: 1 kg scooped from an open bag 
or in a bag repackaged by the 
seller 
2: 2 kg from a sealed, 
manufacturer bag 
3: 2 kg scooped from an open bag 
or in a bag repackaged by the 
seller  
4: 5 kilograms 
5: 10 kilograms 
6: 25 kilograms 
7: 50 kilograms 
8: Other, specify 
4. What was the 
total price paid for 
the entire quantity 
of DAP that you 
purchased?  
(in TZ Sh) 
 
 
5. Who was the 
manufacturer 
of the DAP? 
 
0: Yara 
1: TFC 
2: Premium 
Agro 
3: ETG 
4: Other, specify 
     
 
 
6. In what form was your 
purchase made? (If 
scooped from open bag, 
proceed to 6a) 
 
0: Packaged, closed bag 
from manufacturer 
1: Scooped from an open 
bag 
2: Previously repackaged in 
an unofficial bag 
6a. Did the agro-dealer 
agitate the bag of 
fertilizer prior to 
scooping? 
 
0: No 
1: Yes 
 
7. Did you try to 
purchase 1 or 2kgs from a 
previously opened bag? 
(If yes, proceed to 6a. If 
no, skip to 7.) 
 
0: No 
1: Yes 
 
7a. Were you successful 
in purchasing 1-2 kgs of 
fertilizer from a 
previously opened bag? 
(If yes, proceed to 9; if 
no, proceed to 8) 
 
0: No 
1: Yes 
    
 
8. Did the seller tell you that 
he/she never sells 1-2 kgs of 
fertilizer from a previously opened 
bag?  
 
0: No 
1: Yes  
 
8a. Did the seller tell you that he/she 
was unwilling to sell you 1-2 kgs of 
fertilizer from a previously opened bag? 
 
0: No 
1: Yes 
 
9. Did the transaction occur 
in front of you? 
 
0: No 
1: Yes 
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CAN 
 
1. Were you 
able to 
purchase 
CAN? 
 
0: No 
1: Yes 
2: Yes, but a 
community 
member 
made the 
purchase on 
our behalf 
 
 
 
2. Who was this 
fertilizer purchased 
from? 
 
0: Owner/employee at 
an agricultural inputs 
shop 
1: Owner/employee at a 
store that does NOT 
sell agricultural inputs 
2: Individual home, ag-
extension agent 
3: Individual home, 
non-ag-extension agent 
 
 3. What was the quantity of 
CAN purchased? 
 
0: 1 kilogram from a sealed, 
manufacturer bag 
1: 1 kg scooped from an open bag 
or in a bag repackaged by the 
seller 
2: 2 kg from a sealed, 
manufacturer bag 
3: 2 kg scooped from an open bag 
or in a bag repackaged by the 
seller  
4: 5 kilograms 
5: 10 kilograms 
6: 25 kilograms 
7: 50 kilograms 
8: Other, specify 
4. What was the 
total price paid for 
the entire quantity 
of CAN  that you 
purchased? 
 
(in TZ Sh) 
 
 
5. Who was the 
manufacturer 
of the CAN? 
 
0: Yara 
1: TFC 
2: Premium 
Agro 
3: ETG 
4: =Other, 
specify 
     
 
 
6. In what form was your 
purchase made? (If 
scooped from open bag, 
proceed to 6a) 
 
0: Packaged, closed bag 
from manufacturer 
1: Scooped from an open 
bag 
2: Previously repackaged in 
an unofficial bag 
6a. Did the agro-dealer 
agitate the bag of 
fertilizer prior to 
scooping? 
 
0: No 
1: Yes 
 
7. Did you try to 
purchase 1 or 2kgs from a 
previously opened bag? 
(If yes, proceed to 6a. If 
no, skip to 7.) 
 
0: No 
1: Yes 
 
7a. Were you successful 
in purchasing 1-2 kgs of 
fertilizer from a 
previously opened bag? 
(If yes, proceed to 9; if 
no, proceed to 8) 
 
0: No 
1: Yes 
    
 
8. Did the seller tell you that 
he/she never sells 1-2 kgs of 
fertilizer from a previously opened 
bag?  
 
0: No 
1: Yes  
 
8a. Did the seller tell you that he/she 
was unwilling to sell you 1-2 kgs of 
fertilizer from a previously opened bag? 
 
0: No 
1: Yes 
 
9. Did the transaction occur 
in front of you? 
 
0: No 
1: Yes 
   
 
  
   88 
APPENDIX F: IRB LETTER  
 
   89 
APPENDIX G: IITA IRB LETTER 
 
International mail ing
address l lTA, Carolyn House,
26 Dingwall Road Croydon CR9
3EE. UK
RE: Approval of study:
Name of Principal Investigator:
Mineral Fert i l izer Quality: lmplications for Markets
and Smal l  Farmers in  Tanzania
Dr. Victor Manyong
ll17\ -J'p
Research to Murish Afrua CGIAR
ETHICAL CLEARANCE: APPROVAL AFTER FULL REVIEW BY IITA IRB
Address of Principal Investigator: R4D Director, Eastern Hub,
International Insti tute of Tropical Agriculture ( l lTA)
lbadan, Oyo State
Date of Receipt of Valid Application: Sunday, 23'd August, 2015
Date of Meeting when Final Determination of Research was made: L5th September, 2015
This is to inform you that the research described in the submitted protocol, the consent
forms, and other part icipant information materials have been reviewed and given ful l
approval by the l lTA Internal Review Board.
This approval confirms that al l  Principal Investigators (Pls) involved in this study have been
sensit ized on Human subject research and are ful ly aware of the l lTA policy on the subject.
All  informed consent forms used in this study must carry the l lTA Logo and telephone
number and names of the main Pls.
No changes are permitted in the research without prior approval by the l lTA IRB except in
circumstances outl ined in the l lTA policy document. The l lTA IRB reserves the right to
conduct compliance visit  your research site without previous notif ication.
W
R4D and Chair, llTA-lRB
Headquarters
PMB 5320, Oyo Road, ldi-Ose
lbadan, Nigeria
Tel.: +1 201 6336094,
+234 27512472,
Fax.: +44 (208) 711 3786 (via UK)
A member of the CGIAR Consortium www.iita.org
